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THE ‘twenty-second Summer Meeting of the Section was held at the aia of Wales Hotel, 

‘Scarborough, from Friday, June 5th, to Monday, June 8th, 1959. c 
_ The Chairman of the Section, Dr. J. R. Edisbury, presided over an | Ordinary Meeting | p 

at 10.15 a.m. on Saturday, June 6th, at which K. Durham, B.Sc. (Unilever Ltd.), lectured 3 
f on “Ice Cream,” illustrating the methods of production and physical and chemical examination © 
On the Saturday evening, the party saw the comedy “Friends and Neighbours” at the 
Arcadia Theatre, Scarborough, and on the Sunday afternoon made a rca tour of ee 
Valley and Silpho Moors, taking tea at Ravenscar, 


A Jomnt Meeting | of the Section with the Polarographic Society was held on Seceees — 4234 
26th, 1959, in the Lecture Theatre af the Department of Chemistry, Queen’ s University, ties 
Belfast. The Chair for the morning session was taken by Professor C. L. Wilson, D.Sc., ar 
Ph.D., F.R.I.C., and for the evening session by Mr. A. F. Williams, B.Sc., F.R.I.C., Vice- 
| The following papers were presented and discussed : ts “The Polarographic Investigation — o 
| of Some Copper Complexes in Non-aqueous Solution,” by Z. P. Zagorski; “Aspects of an i, 
Polarographic Behaviour of Rhenium and Technetium,” R. J. Magee, M.Sc., Ph.D., A.R.I.C.; 

“The Application of Polarography to Tissue Respiration,” by I. S. Longmuir, M. B., B.Chir. ; 
f “Potentiometric Acid - Base Titrations in | Acetone - Water Solutions of Nitrocellulose,” by é 
} R. Leake and G. F. Reynolds, B.Sc., F.R.I.C.; “The Polarographic Determination of Nitro 
glycerine,” by A. -F. Williams, B.Sc., F.R.LC.; “The Polarographic Behaviour of Metallic 
Ions in Molten Nitrates, by R. L. Faircloth , B. Se. F.R.LC.; “The Polarographic Estimation 4q 
, In the afternoon there was a tour of the Laboratories of the new Chemistry Building 


THE Summer Meeting of the Sachi was held jointly with the Poole and District Technical i, 
Group on Friday and Saturday, June 5th and 6th, 1959, in Poole. The Chair was taken by 
the Chairman of the Poole and District Technical Group, Dr. G. D. Muir, F.R.I.C. — oe Se 
ct At 7.30 p.m. on Friday, June 5th, in the Lecture Room of the Poole Generating Station, — a a a 
V. James, M.B.E., M.Sc., Ph.D., F.R.I.C., lectured on “The Work of the Public Analyst.” 
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ff The Chair was taken by the Vice-Chairman of the Group, Mr. C. Whalley, B.Sc., F.R.I.C. eae : 
_ A discussion on ‘“‘The Microdetermination of Physical Constants” was opened by 4 


THE Summer Meeting of the Group was as held on T June th, 1959, whe 


visited the Laboratories of the Cooper Technical Bureau , Berkhamsted. 


ae _ Following a description of the work carried out at Berkhamsted, tours vere ante of 
the age a aged and Chemical Laboratories and the Field Research Station. 
4 


f the Group. 


é 
Henry M. R. CS. R.C.P. (London), PhD. (Edinburgh), , F.R.S.E. , late Emeritus 
_ Professor of Physiology at the Royal (Dick) Veterinary College, Edinburgh, died on February 
_ 6th last in his 78th year. When he entered hospital shortly before his death, the friends 
=i = knew him well had a a premonition proved to! be only 1 too well founded 1 that he had  Staxted 


was born in 1881 in a son of the late musician and 


That much hackneyed Scottish phrase ‘“‘Lad o’pairts” could with truth be applied to 
Bi _ Harry Dryerre. He started off in life as a pharmacist and was quite successful in that 
ae : Se field. He was 34 years of age before he started to stud: medicine, so it is obvious to all 
—_— what good use he made of the 31 years left before retiral from the Royal (Dick). 
gs However, even before that he was to have his first attack of the heart trouble that was 

_ to remain a menace to him throughout his remaining years. In fact, on quite a number 
_ of occasions only his own intimate knowledge of how to deal with his affliction, coupled 
__ with the brilliant skill of his wife, brought him back from the brink and ¢ enabled the ‘damaged 
_ mechanism to be geared into activity once _more. of- 
“vila Dryerre was just as good with his hands as he was with his wey 7 If he had been an 
aE engineer, an electrician or even a carpenter there is no doubt at all he would have been 
equally successful. He had his kitchen at Lasswade fitted up as a workshop, and many a 
i: highly skilled craftsman has stared with envy and admiration at the wonderful collection 
of tools that could be put to such excellent use in a way no tradesman could better, _ yo 

_+ He was one of the founder members of the Scottish Section of the Society and took an 

oe active part in all its work. He was a Vice-President of the Society in 1947-48, 
_ _He had a very keen interest in cinematography, and together with the late Professor 

i § — Ritchie started the Edinburgh Scientific Film Society at the end of the war. The majority 
£ ; ss our Scottish members will remember with pleasure the shows that were arranged by 
= Dryerre to display many of the newest scientific films and regret that there can be no more. 
Sy ry He had many films of his own, , all of extreme interest, his own sound equipment and his 


; He got a fine chance to show his puckish sense of humour when tape recorders were 
having their first run of success. He would have a number of guests for a meal and would | 
skilfully lead the conversation round to some topic that was sure to bring forth strong § 
pasha _ Afterwards, to his great a. he would play back all or heated arguments, 
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(The Brown-Firth Research Laboratories, Princess Street, ‘Sheffield 4) 


_ IN recent years classical methods of chemical analysis have been supplemented and to some _ 
_ extent replaced by instrumental methods based on physical and physico-chemical principles; _ 
_ one of the major results of this has been the simplification and speeding up of repetitive work 

_ in works control laboratories. There have, however, been other important effects influencing i 
Si the nature, accuracy and scope of analytical work. For example, the detection and determina 

le tion of trace elements has been improved enormously as a result of the developments that fal or 
_ taken place in photometric, spectrophotometric and polarographic methods of measurement. 
_ The use of photometric methods in the steel industry was initiated by Vaughan,!.? —¥ 


i - this was followed by the large-scale adoption of systematised group schemes for the rapid mi 


_ determination of five or six constituents in the solution from a single weighed sample of steel. — 
In addition to their usefulness in group schemes for routine analytical work, photometric 
methods also have the important advantage that they can be used, with a minimum of 

modification, as standard referee procedures for individual elements. There has, in fact, 

_ been a noticeable trend in the development of specific photometric procedures for purposes 
requiring the highest accuracy, and it is noteworthy that since 1948 the British Standards © 
Institution* has approved ten such procedures for the determination of nickel, chromium, as 
cobalt, manganese, copper, tungsten, molybdenum, silicon (two) and titanium in iron and — Se 
steel. Many of these standard methods, by virtue of their simplicity, are ideally suited for _ 
regular use as day- by-day routine procedures. Modern spectrophotometers permitting 
measurements to be made at pre-selected wavelengths have enlarged the field for further 
development. Interference from foreign coloured ions or r from reagent background colour — 
can be eliminated or much reduced. This often permits a major simplification in operational 
technique, eliminating or reducing the number of separations required. Moreover, two or | 
more elements may be determined selectively in the same solution; for example, titanium 

| and vanadium by the peroxide reaction, by making measurements in turn at the appropriate 

| wavelength for each of the two coloured components. 


-— There has been a complementary development in the use of selective reagents, most of 


which are organic chemicals having specific or particular applications in colour reactions for 
photometric methods of analysis, e.g., 2:2’-diquinolyl, 1:1’-dianthrimide, Solochrome 
R, 2- nitroso-R salt and toluene-3: 4-dithiol. from the 


"decomposition for the carbides in chromium, ‘anes high-alloy- 
- steels, it is a better dehydrating agent for silica than is hydrochloric or sulphuric acid, it is _ 
y useful for oxidising tervalent chromium to the sexavalent condition, and when chromium 
_is not wanted it can easily be removed as volatile chromyl chloride from fuming perchloric 
acid solution. EDTA hasa relatively limited application in steel analysis and its extended use 
is really dependent on the ee of a wider range of selective indicators. At present 


“Mel 


major. amounts s of iron and for the extraction of coloured of various 


- ments, as a means of eliminating interfering substances and of concentrating the complexes ia 

so that photometric measurements can be made with increased sensitivity. Clarke and. i 
Rooney* have studied and compared the behaviour of solvents such as ditsopropyl ether, iso- 

butyl acetate, isobutyl methyl ketone, amyl acetate and mixtures of these for the on il 


soButyl acetate is preferred to ditsopropyl ether mainly because it is lees. volatile and 
.C.R British Cast I 


‘il 

: 
— 
nds 
rte 
and 
eek. — 
tin 
d to 
that 
all 
was 
nber 
pled 
aged Ff 
ny 2§f 
y 
tion 
an 
assor 
i by —= reagent, EDTA for complexometric titrations, and reagents used in solvent-extraction hae — 
1 his erchloric ac probab ne mo aluable all-round addition to the armoury o 
ests. | 
were 4 
rould 
Tong 
ents, 
dden 
- 


, but much of the original work was done in connection with the determination of 
trace elements, and isobutyl acetate is usually of higher purity in this respect. The extraction 
__ is useful as a preparatory treatment before the determination of traces of nickel, manganese, 
Saas cobalt, aluminium, lead and some other elements. Sodium diethyldithiocarbamate can be ff 
__ used to remove iron, ‘manganese, nickel, copper, cobalt and a number of other heavy metals, 
7 the complexes | being extracted into chloroform. This has been used by Rooney* for ‘the 
_ removal of interfering elements before extracting aluminium with cupferron into chloroform. — 
ae _ Chromatography on cellulose and both anion- and | cation-exchange resins are » being used 
rem as column techniques for the differential elution of individual ions or groups of ions. This — 
has important potential applications in the isolation and concentration of required constit- - 
uents for colorimetric analysis, but the outstanding established development is in connection 
— the separation of niobium and tantalum,5 which is otherwise extremely difficult and often | 
Radioactivation techniques have been applied in one or two specialised directions; 
- example, Smales and his co-workers have determined traces of tantalum,* and cobalt, copper 
and nickel,” in steel by activation techniques. Such methods are potentially valuable for 
the determination of trace elements, but Ayer: works laboratories at present lack the facilities - 
_ for carrying out aétivation analysis, 


to 


in the same solution as a direct routine may, however, be used as. 
St / sensitive method of measuring a variety of trace elements, for example, lead, aluminium, 
cobalt and tin, after preliminary separations to isolate the required element. Square-wave 
. _ polarography*® is a comparatively new development; it may result in a much extended scope 
_ for the application of direct methods without interference from the major constituents. = 
In the field of emission spectrography, the most important development in recent years 

_ has been the use of photomultip!*ers with associated electronic equipment for the direct 

_ reading of line intensities instead of the photographic process used with the conventional 
% Bo | spectrograph. Direct-reading instruments are now in use in several of the large steelworks 
C Be where the number of determinations and the speed at which it is necessary to obtain results 
as oy justify the cost of the equipment. ® 5 Vacuum-emission and X-ray fluorescence equipment are 


whole system from source to receiver is in effect evacuated or filled with an optically non- 
honing atmosphere permit the determination of the non-metallic elements carbon, sulphur 
_and phosphorus. X-ray fluorescence“ has decided potentialities for the determination of 
alloying elements in steels. There are, however, ‘increasing limitations in applying it to 
- elements having atomic numbers below that of titanium, 7.¢., atomic number 22. Solution 
_ spectrography, which has the advantage of being independent of chemically analysed stand- 
ards, has made some progress and has been used for the determination of minor amounts of 
- niobium, tantalum, zirconium, aluminium or cerium after a preliminary chemical concentra-_ 
ae to about thirty elements may be found in steel, either added intentionally as alloying 
constituents or present inherently as native impurities. Twenty-five of these are reviewed } 
the following discussion, for are presented in order. 
i ia “fo ‘There is no really good all-round method for determining aluminium in steel. The 
quantitative separation of small amounts of aluminium from large amounts of iron, chromium, 
nickel and other elements is a difficult operation and calls for a high degree of analytical skill. J 
Because of the difficulties, recent investigational work has been directed towards the use of 
ee lie statin procedures and the application of sensitive colour reactions. This permits 
a more elegant treatment based on comparatively small sample weights, whereas with the — 
co * on methods the required sensitivity can only be obtained by the expert manipulation of 
Bi classical separation techniques applied to solutions of large weights of samples. ~The British 
= Standard method,¥ although comparatively recent, suffers from these disadvantages. Tt 
on iron, chromium, nickel and other interfering 
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limited i in enceracy below about 0-01 per cent. of aluminium, as 1 mg of sl a Fieri 
sample weight 10 g) is the minimum that can be precipitated quantitatively with 8-hydroxy- P 
quinoline. The only way in which it is possible to improve this limiting sensitivity is by first — 
extracting meat of the iron with ether or amyl acetate from 20 to 50-g samples before applying ; 
the mercury-cathode electrolysis. 
There are many other applications of classical procedures still in use. For example, q 
separation of aluminium and chromium from most of the iron (ferrous) by bicarbonate 
_ hydrolysis followed by the oxine procedure*; mercury-cathode separation and then precipi- 


t ition of aluminium with cupferron from formic acid solution, after first removing titanium 3 


and residual iron with cupferron from mineral acid solution’*; precipitation as phowhets i 


ft om ferrous s solution with sodium thiosulphate.1 17 All of these are laborious methods capable _ a 
_ of good accuracy for certain steels and within certain limits, but having similar limitations — ox 3% 
to those of the British Standard method for accurate determination in trace ranges. The 
_ phosphate method in particular is severely limited in scope and is really only suitable for re 
A rapid method sometimes used for high aluminium contents is the “soda” method, in — 
which the solution of the steel is slowly added to an excess of sodium hydroxide and the 
resulting mixture is boiled to extract the aluminium as soluble aluminate. After the iron, 
chromium and other elements have been removed by fractional filtration, the aluminium = 
determined as phosphate or oxine. This method gives good results for steels containing 0-5 — 
per cent. or more of aluminium, but it is not always appreciated that nickel modifies the e-- - 
chemistry of the sodium hydroxide extraction and results in loss of aluminium in the pre- __ 
cipitated hydroxides. — Molybdenum and vanadium, which are e extracted as soluble =e 
and vanadate with the aluminate, also interfere, and further separation is necessary if these — 
__ For the accurate determination of traces of aluminium, colour methods are used based on _ 
the reaction with aluminon (triammonium aurintricarboxy late) or with Solochrome pena = 
R. Both methods are critically dependent on the strict observance of prescribed conditions, 
_} but Solochrome cyanine appears to have a definite advantage in this respect. Aluminon is ai 


e — more susceptible to minor changes of temperature, and a critical heating treatment, which ~ 


_— must be very carefully controlled, is essential for reproducible colour development, whereas — * hea 
- Solochrome cyanine R colour can be developed at room temperature. = a he) 
_ When the aluminon method is applied to steel, iron and chromium must be removed. = 
Me of the iron can be extracted with ditsopropyl ether and the remainder with an ether- 
saturated solution of cupferron. After removing the residual organic matter the aluminon 
colour is developed and determined spectrophotometrically at 545 
¥ _ Scholes and Smith’® have recently developed a procedure for steel based on a 
cyanine R. The reaction is applied after a simple form of mercury- -cathode separation and _ naa 
removal of remaining interfering elements with sodium hydroxide. The method has a pre- 
cision of +0-001 per cent. in the range 0 to 0-035 per cent. of aluminium. _ Scholes and Smith 


the aluminium in the eluate in a neutralised 
acid solution buffered with sodium acetate. There is interference from the nickel remaining == 
on the column with the aluminium and which is subsequently eluted with it . Separation from ooh 
other r alloying elements is by no. means complete an and the direct method is, therefore, limited ie a 

Rooney‘ has described a method for the determination of traces of aluminium in cast iron 
in which iron and other interfering elements are removed by selective extraction into chloro- 
form as diethyldithiocarbamate complexes. The aluminium is then extracted as cupferrate ee 

into chloroform at pH 4-5 and determined polarographically, the conditions specified by : 

Willard and Dean*! being used. For infra-trace amounts, ¢.g., < 0-004 per cent. of aluminium, — 

_ larger samples must be used and most of the iron must be extracted with ssobutyl acetate _ 
before the diethyldithiocarbamate complexes are extracted, or, if chromium or other sieving 
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is } after interfering residuals have been complexed with cyanide, and bromimetric titration of the es og a 

of § organic radicle. The method is slow and cumbersome, but it has a wide range of application 14 7 
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and paying special attention to the blank values of reagents, has rigid 

oa = iii traces of aluminium as low as 0-00003 per cent. in both plain iron _ iron containing 4 per ¥ has, 
Alumina, or other compound forms of aluminium, such as the nitride, is determined | nick 
Ts separately by methods based on insolubility in various solvent media in which elemental t 
aluminium, iron and other metallic elements can be completely extracted. Dissolution in | mus 
mineral acids, for example, 20 to 30 per cent. hydrochloric acid, is a somewhat arbitrary | colo’ 

ae “procedure, but i is a quick and ready means of determining “ ‘acid-insoluble” alumina. Some § with 

_ alumina is attacked, depending on the form and size of the inclusions, the nature, concentra- qual 
_tion and temperature of the acid and the time of contact. Better results are obtained by a Flic! 

reflu 

and 

um salt 

common error in determining alumina in residues from selective-solvent procedures is diar 


_to assume that the alumina is readily decomposed by fusion salts, ¢.g., potassium bisulphate § are 
ae, muy or sodium carbonate. It should be borne in mind that the alumina in steel has been subjected § is fe 
__ to high temperatures and is often present in a very refractory form, for example, as corundum. _ tem 

_ To be certain of complete decomposition, the residue should be sintered at 1200° °C with § is s 
ae _ about twice its weight of an anhydrous mixture of 5 parts of sodium carbonate and 1 part of | resu 

Methods for arsenic have inv jestignted in recent years. Evans's original method,” 
based on reduction and precipitation of elemental arsenic with hypophosphite and titration 
- with iodine, has been improved, and a modified procedure has recently been issued as a British 

Pet 2 ~ Standard™ The main features of the investigational work® from which this method was 
ee derived were the development of optimum conditions for “the quantitative reduction to 

; elemental arsenic with hypophosphite and the use of phosphoric acid to form non-reducible 
e and hence non-interfering complexes of molybdenum, vanadium and tungsten. The method 
_ thus became universally applicable to all classes of iron and steel, and highly alloyed steels, 
3 including” permanent-magnet | alloys, and high chrome - nickel rustless and heat-resisting | 
“ steels can now be analysed for arsenic with the same facility and accuracy as simple carbon f 


and low-alloy steels. The hypophosphite method has largely replaced the older distillation ace. 
protedure based on the volatility of arsenious chloride and iodimetric titration of the distil- | a 
date. The distillation method is comparatively slow and is somewhat inconvenient for — 
routine batch analysis owing to the need for a battery of distillation units. . 
___Distillation is sometimes used preparatory to a photometric determination. * In this | 
' ‘method the arsenic is distilled as halide from sulphuric acid solution after reduction with a ait 
= ‘mixed potassium bromide - hydrazine sulphate reagent. The determination is completed | ic 
photometrically by converting the arsenic to arsenomolybdic acid and measuring the molyb- 
den blue produced with hydrazine sulphate. The colour intensity is critically dependent vol 
on the relative concentrations of acid, molybdate and hydrazine sulphate, and erratic results —~ 
are obtained unless the optimum amounts of these reagents are strictly adhered to in both or 


pre 
* _ Traces of boron in steel (0-001 to 0-01 per cent.) have raised | difficult : analytical problems. Th 
i The classical method based on distillation as methyl borate and alkalimetric titration is not § tio 


as the traces normally present in steel are below the satisfactory titratable level, ox 
oe and the problem has arisen of finding the most suitable colour reagent. The choice is some- 
_ what limited, but curcumin, quinalizarin, 1: 1’-dianthrimide and carmine have all been used 
with various degrees of success. Separation of the boron from the main constituents of the 

cake _ steel is usually necessary, particularly with alloy steels, and this may be achieved by mercury- 5 

cathode electrolysis, distillation as borate, sodium hydroxide, or by means of a cation- 


_ Curcumin develops a sensitiv red colour with boron on evaporation to ‘dryness in the § ste 
presence ” oxalic and hydrochloric acids. _ The colour is extracted in 1 alcohol and measured 
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_has, however, been applied by Strickland and his co-workers” to various atom 
energy materials and by Chirnside, Cluley and Proffitt?” to determining traces of boron in 
_ Quinalizarin, 1 : 1’-dianthrimide and carmine all have the disadvantage that the reaction - “rad 
must be carried out in nearly concentrated sulphuric acid and some time is required for full 
colour development. 1:1’-Dianthrimide is about twice as sensitive as carmine, and, compared — 
with these, quinalizarin is of relatively poor sensitivity. Quinalizarin is also of uncertain 
_ quality and different supplies give variable colour response. It has been used by Rudolf and — 
*F lickinger** as the basis of a rapid direct method for steel, in which the steel is dissolved under _ 
_ reflux in sulphuric acid, the ferrous sulphate is “‘salted out” from 95 per cent. sulphuric acid 
the reaction is to the concentrated extract. The method fair 


dianthrimide in a method for plain and low-alloy steels. Iron and other interfering elements — 
are removed by cation exchange on Amberlite IR-120 ‘and the blue dianthrimide complex 
is formed in the eluate and measured at 640 my. The reaction appears to be sensitive to the 
| temperature and conditions of development. A 16-hour development period at 95° + 1° es bt 
is specified, and attempts to accelerate the reaction by increasing the temperature usually 
result in brown discoloration arising from the action of sulphuric acid on the reagent. With i 
_{ plain and low-alloy steels the method is capable of a reproducibility to within +0-0005 per ; 
| cent. in the range below 0-005 per cent. of boron. It is less satisfactory for highly alloyed steels, 
particularly at higher boron levels, ¢.g., 0-01 to 0-02 per cent. — The main interfering elements # rt 
are vanadium, which gives a brownish complex, and chromium, which may not be completely — att 
removed on the cation-exchange resin and gives background interference. = fai ete. 
: Carmine has not so far received much attention for steel analysis, but although | itis 
_ rather less sensitive than 1:1 ‘-dianthrimide it has the important advantage that the colour — 
| can be developed at room temperature. The reaction requires a minimum of 2 hours for full ih 
colour development, but it is preferable to allow an overnight standing period. eo colour is" 
photo-sensitive and must be protected from light during the standing period. This reagent 
may be applied after a cation-exchange separation, or alternatively the colour may be devel- _ i. ee 
oped directly in the steel solution and measured spectrophotometrically at 610 my, provided folie 
that compensation is made for the absorption of chromium, nickel and other coloured ions. r 

The conventional method for the determination | of total carbon depends. on high- 
temperature combustion in oxygen and gravimetric evaluation of the evolved carbon dioxide 
after absorption in a solid reagent, such as soda asbestos. This forms the basis of the recom- 

_ Although the gravimetric method is to be preferred, the determination may be completed L. 
volumetrically by absorption of the carbon dioxide in barium hydroxide and titration of the — 

of alkali with standard acid or gas v volumetrically in a Strohlein-type apparatus. Both 
- these alternatives are used extensively in works routine practice. — . The main disadvantage of _ 

3 - the titrimetric method is that barium hydroxide solution is not an ideal absorbent for carbon 
dioxide, particularly at gas velocities exceeding 0-5 litre per minute, and it is also difficult to & 
"prepare and maintain the solution without contamination from atmospheric carbon dioxide. ae 
_ The Stréhlein gas-volumetric method is extremely rapid, i.e., 2 to 3 minutes for a determina- 
tion, but for accurate measurements in the gas burette it is necessary to limit the volume of 

oxygen required to a minimum; this demands a high temperature, e.g., 1200°C, and nell 

severe fluxing conditions to ensure complete combustion. 
- The combustion method is applicable to all types of iron and steel, but Cee 
operators often obtain low results with high chromium - nickel stainless and heat-resisting — 
steels. It is essential that the sample should be - finely milled; coarse. drillings or borings are ee 
inadmissible, a a high combustion temperature is necessary (160° to 1200° C) and a good flux — 


. | must be used. Red lead, strip lead or tin is usually adequate, but with some heat-resisting 


i 
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“The is carried out in an electrical- but ‘tadio- 
“frequency heating units are being used, particularly in America, where commercial units are 
available. This method has the advantage of a higher working temperature, extremely rapid 
Aste combustion and localisation of the heat within the sample itself. Blanks are usually very 
low, as fluxes or accelerating agents are seldom necessary. The power consumption is much 
~ lower than for a resistance furnace and the unit is available immediately, without the lengthy 
heating-up period normally ‘required. This, in particular, is a useful advantage for inter- 
_ mittent laboratory work where spasmodic determinations are required at short notice. “The 
' ee main disadvantages are the relatively high installation cost and a tendency for results to be a 
shade low. Low results appear to be due to cessation of the induction reaction and rapid loss | 
eid of heat from the oxidised charge before fusion is complete. A small bead of unchanged metal . 
remains enclosed in the core of the charge, and this may account for an error of up to 0-005 
_ per cent. of carbon, irrespective of the carbon content of the sample. If this degree of error § 
‘ is is not tolerable, complete fluxing can be obtained by restricting the sample weight to not more 
ae te than 1 g, but the practical value of this is-limited, for routine work, owing to the need for a 


of +0. 01 per cent. of eaiticls over the usual working range. This is adequate for general 

_ purposes, but for very low carbon contents (< 0-05 per cent.) there have been demands in 
recent years for more refined methods of determination. The simplest approach and one f 

_ that has been used for batch routine work is to adapt the conventional method to operate on 
Several multiples of the normal factor vee _ This requires an enlarged combustion tube 


micro Midvale bulb for absorbing the dioxide in soda operator using 

ae this method with a four-tube furnace can make up to 100 determinations in a day, and a 
._* er, of within +0-002 per cent. can be obtained consistently in routine practice. ' 

Z y is required, the low-pressure methods, all of which are variations of 

 -Yensen’s original procedure} 32 can be operated to fourth- figure accuracy limits, i.e., to within 
ie _ +0-0005 per cent. Recent adaptations of the procedure have been described by 1 Wells® 


and Cook and Speight * The method depends on conventional combustion and then evacua- 
tion of the combustion gases through a liquid-oxygen trap, in which the carbon dioxide i is 
>. condensed and retained. The solid carbon dioxide is then vaporised into a known volume 
and its pressure is measured with a McLeod gauge. A method of similar accuracy has been 
He described by Still, Dauncey and Chirnside®; it depends on the change of electrical conductivity 
occurring when the carbon dioxide is absorbed in barium or sodium hydroxide. A specially 
aay designed conductivity cell is used; it permits continuous circulation of the absorbing liquid 
and measurement of the conductivity at any time without stopping the oxygen flow. This 
method, like the low-pressure method, is capable of meeting the most stringent accuracy 
equirements i in low-carbon ranges and it may also be used as a semi- micro method for steels } 
of higher carbon content by suitably reducing the sample weight. 
_ Free carbon or graphite is determined in pig and cast irons and also in certain types of | 
r, ‘ guaphitions steel. The choice of method is limited and the determination is often complicated J 
“ = by sampling problems arising from dusting losses of graphite during machining and subsequent 
Segregation from the millings or drillings. It is now considered best practice to avoid drilling 
: or milling altogether and to work on solid specimens of suitable weight and dimensions cut 
ig hy from particular locations in the pig or casting. This also-applies to the determination of the 
_ total carbon content, and the difference between the two results is taken - the combined 
method for on of the in nitric acid 


by the method for carbon. The accuracy of the method 
_ on immunity from acid attack on the graphite and complete dissolution of metallic carbides. 


“eliteen and for this reason it is usual to obtain the combined carbon Nndisectly from the 
difference between the results of the total-carbon and free-carbon determinations. The 
_Eggertz colorimetric c method based « on the brown n colour 
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FERROUS METALLURGIC! 
compounds in in nitric acid is sometimes used, but the colour i is not directly proportional to the 
-combined-carbon content and is modified by the nature of the carbides present and the 
_ metallurgical condition of the sample. _ It might have a limited application to samples of : 
_ closely known type and history, but it is ; practically useless for general application to materials 
Donaldson’? proposed a direct method for combined carbon, in which the s ‘con- 
tained in a closed system, is dissolved in a dilute nitric - sulphuric - phosphoric acid solution — 
_ containing a small amount of silver nitrate as catalyst. The carbonaceous gases are passed 
_ over heated copper oxide and the carbon dioxide produced is absorbed and determined by the c 
usual methods. The method requires a complicated all-glass apparatus, the manipulation is 
slow and laborious and the results are not very reproducible. — | 
Carbon may also be determined by purely physical methods, for example, by means 0 
a vacuum spectrograph’ or by various methods based on the relationship between | carbon 
_ content and magnetic properties.** The former is potentially similar in accuracy to the 
_ conventional chemical method. — Magnetic methods are useful for furnace-stage control work, 
_ provided that they can be applied under rigidly standardised conditions, but their value as 3 
Be e methods of measurement is really limited to plain carbon and simple alloy steels. _ 
The determination of chromium presents no major difficulties. . The traditional volu- ae: 
metric methods all ill depend on | quantitative oxidation to the sexavalent condition and measured is 
reduction of the oxidation product. Oxidation from the tervalent to the sexavalent condition Read 
may be made with potassium permanganate, ammonium persulphate or perchloric acid. — tae! 
Oxidation with permanganate, the basis of the old Vignal method, is now less frequently 
practised. It is slower than the other two and has the disadvantage that considerable man- 4 . 
ganese dioxide is produced from the reaction between bivalent and septavalent manganese. —__ 
This tends to give a positive error, if the manganese dioxide is removed by filtration, owing to 
colloidal manganesé dioxide passing through the filter. Reduction of the manganese dioxide _ 
with hydrochloric acid may give low results owing to slight reduction of chromium, as = 
considerable amount of hydrochloric acid is usually necessary. Oxidation with ammonium 
persulphate is free from these disadvantages and the reaction is much quicker. In the 
presence of phosphoric acid and a silver catalyst, no manganese dioxide i is formed, the man-_ a 
ganese being oxidised directly to permanganate. This can be selectively reduced with 
hydrochloric acid, sodium nitrite or oxalic acid; hydrochloric acid is most commonly used. 
As in this case the permanganate is derived only from the manganese in the steel, a com-— 
paratively small amount of hydrochloric acid is necessary for its reduction, and there is, 


mended British Standard method. The same principle is also used in the British Standard — 
for chromium in ferro-chromium alloy; 49 the main difference being in the method of titration. 
In the method for steel, the excess of ferrous sulphate is titrated with potassium permanganate, 

as this cancels out the simultaneous titration reaction of vanadium. In the method for _ 
_ ferro-chromium the back-titration is made with potassium dichromate, as vanadium is rarely ig 
_ present in ferro-chromium and advantage can, ‘therefore, be taken of of the superior end end- -point | 


~~ Oxidation with perchloric acid is extremely quick and has particular advantages fora _ 
. @ rapid routine method. Heating to fumes with perchloric acid fulfils the three-fold purpose 
of expelling volatile acids used as initial solvents, decomposing stable residual carbides and = 

_ oxidising tervalent chromium to the sexavalent condition in a single continuous operation. 
a chromic acid can then be determined by the usual titration method on an aqueous extract _ 


of the fumed concentrate. Interference from chlorine, , which is developed as a pote = 


- dioxide generated in situ by the addition of sodium carbonate. _ By this method determina- oa 

tole can be made in about 20 minutes. The results tend to be slightly low, probably owing 
to side reactions involving the formation of traces of hydrogen peroxide, or of hydrochloric 

= acid, which 1 may result in loss of chromium as chromy]l chloride - Decomposition of ee f 
"carbides is an important secondary function of perchloric acid oxidation, as it permits _ 
_ uniform treatment for all steels. The other methods sometimes fail to decompose all the 
_ carbides, particularly with high carbon - chromium steels, and long digestion or other speci- 
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ANALYSIS. REVIEW 


ely Colorimetric methods are usually based ona measurement of the dichromate colour or * 


Vale WER 


colour produced by the reaction between dichromate and diphenylcarbazide. The former | 


is used as a general method for up to about 3 per cent. of chromium, whereas the more sensitive 
iphenylcarbazide reaction is -Teserved for determination of traces or for minor residual 

amounts below about 0-3 per cent. For direct measurement as dichromate, methods based 

on oxidation with ammonium persulphate and silver nitrate, potassium bromate, -” perchloric 


acid®.® and mixed phosphoric - perchloric acid“ have all been used in “established practice. 


-Ammonium persulphate is the least satisfactory of these reagents, as manganese is also zs 
_ oxidised to permanganate, which must be reduced selectively. There is also a risk of error 
rom turbidity caused by traces of chloride precipitated by the silver catalyst . Oxidation 
_ with bromate is more satisfactory, as no permanganate is formed, but bromine liberated by 
the oxidation reaction affects the absorbancy and it is essential to remove it completely. 
_ When perchloric acid is used as the oxidant, dichromate colour complexes are formed with the 
_ ferric Figs opt they are several times more sensitive than the equivalent of pure dichro- 
es ey Py principle has been investigated by the B.I.S.R.A. Methods of Analysis Com- 
‘3 a | _ The colour em was found to be critically dependent on the strict observance of 
i riations i in acidity, temperature and i iron concen- 


Bae: in the coluberitiein, With the exception of molybdenum and vanadium, none of the other 
mo nthe al normally present directly affects the colour reaction, other than by replacing its 
ey f _ equivalent of iron, which, as just stated, can be allowed for. The method is useful as a quick 
x routine procedure ‘for small amounts of chromium (< 0-3 per ‘cent. ), but it is not recommended 
; for the most accurate work owing to the difficulty of controlling the above-mentioned variables. 

_ Oxidation with a mixture of phosphoric and perchloric acids produces a less sensitive colour, 

_ but the reaction is stabilised | by th the phosphoric acid and is ‘much les less ) critically | affected d by 

a The reaction with diphenylcarbazide is much more sensitive than any | of the foregoing. 

= Formenty, it was considered necessary to separate iron by precipitation with sodium bicarbon- 


; = ate or peroxide, but a direct photometric method, without separation, has been recommended 
by the B.I.S.R.A. Methods of Analysis Committee® and has been issued as a British Standard © 
Se method.” Iron interferes strongly when the readings are made with a filter having maximum > 
acca transmission at 5500 A, which is otherwise most suitable for the measurement of the chromium > 
colour. _ The absorption due to iron is, however, much less with a filter having maximum 
_ transmission at 5700 a, which is still near to the peak of the absorption curve for chromium. |, 
In this way, disturbances due to variations in iron content are neutralised. The colour of all 
_ iron complex and also the corresponding colour produced by vanadium are e also depressed by 
ie using a high phosphoric ae concentration. For the accurate determination of traces of 
chromium (< 0-03 per cen t.), larger samples must be taken and it becomes essential to remove © 
iron. Any desired increase in sensitivity can be obtained by st suitable choice of sample weight “J 
followed by solvent extraction of the iron with amylacetate. For example, with 10-g samples, 
chromium can | wi a +0 0002 in the we 0 0- 01 


4 The traditional method for the ¢ determination of cobalt in steel is on 
se with 1-nitroso-2- -naphthol. Iron and chromium must he removed; this is usually done by 


zine oxide or basic acetate separation. _ _ In both separations there is some adsorption loss of 
hes cobalt on the i iron-group precipitate, up to about A per « cent. of the amount present, and a 

gad cobalt complex with 1- nitroso- -2-naphthol i is of indefinite constitution and carries a 
_ good deal of free reagent ; this necessitates its ignition to oxide. _ The oxide (Co,O,) is liable 
to be uncertain in YCo,0, ) unless the ignition and cooling 


ae. iron, chromium or copper and, particularly, , with nickel if the steel is high in this element. 
ae % In spite of its shortcomings the method is still used extensively, but it is time it was superseded 


“a by the more reliable photometric nitroso-R-salt method. It is, however, useful as a means 
of separating cobalt from age amounts om nickel and concentrating sn small amounts of cobalt 
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The nitroso-R-salt m method is Tapi 
from large amounts of nickel and copper it is vuteaity meetin for cobalt in steel. Both these 
- elements interfere by consuming the available reagent, but the British Standard method*? _ 
- provides for up to 5 per cent. of nickel and 2 per cent. of copper without interference. The — 
} method can be extended to steels containing higher contents of nickel and copper by adding — iS 
- further calculated amounts of reagent, but it is probably better practice to se arate the 
_ For the accurate determination of trace amounts of cobalt (< 0-05 per cent.) the direct — a 
"nitroso salt method is not sufficiently sensitive and some means of concentrating the cobalt — es 
is —7, before applying the reaction. s For pure iron the sample weight can be increased — 


to take account of nickel and copper, and various procedures have been recommended to meet — 
the recent demand for determination of trace amounts of cobalt in steels required for atomic _ 
power plant applications. A method examined by the B.I.S.R.A. Methods of cen ae 
| Committee has given excellent results. This depends on separation of the iron group with 
; zinc oxide, precipitation of cobalt with 1-nitroso-2-naphthol together with 5 mg of iron as % 
carrier and photometric determination with nitroso-R salt. Loss of cobalt in the zinc oxide fe 
precipitate is below significance level, ¢.g., about 0-0002 per cent. in the working range 0 to _ 
| 0-04 per cent. The method is ideally suited to batch routine work and the results are repro- _ 
— ducible to within +0-002 per cent. for all classes of iron and steel and also for iron ore, ferro i 
alloys and nickel andchromium metal. 
1  —- Methods of similar accuracy depending on the coloured complex formed by cobalt with — se 
§ 2-nitroso- -1-naphthol have been recommended by Rooney® and Chirnside.” In Rooney’ a 
method, iron and copper are removed by extraction into chloroform with cupferron and after — 
the residual cupferron has been destroyed the cobalt is extracted into benzene with 2-nitroso- aa 
l-naphthol and determined spectrophotometrically. In Chirnside’s method, iron is complexed — a 
- — with sodium citrate and the cobalt complex with 2-nitroso-l-naphthol is extracted with — 
chloroform and determined photometrically. Both are accurate and elegant procedures, : 
but neither is quite so adaptable to large batch routine as is the previous method. __ ‘Oe 2 
Other methods that may be used are photometric determination as thiocyanate after 
extraction with isobutyl methyl ketoné™ or as the tetraphenylarsonium cobaltothiocyanate 
complex after extraction with - A radioactivation method has 
successfully applied by Smales, Mapper and Wood? 
oes ‘Volumetric methods are usually based on the potentiometric titration of the sito i 
ion with ferricyanide in amn.oniacal citrate solution.* The reaction has been studied — 
_—_ and Hobson, who found that the equilibrium constant for the reaction system a 
80 low that the titration is always slightly incomplete at the point of inflexion and that the 
stoicheiometry of the corresponding manganese reaction, which occurs simultaneously, is 
_ affected to some extent by the concentration of other ions present in the solution. It is 
difficult to make a precise correction for manganese. Nevertheless, the method has 
_ been found useful as a routine procedure for determining cobalt in comparatively high cobalt — a 
_ steels and a method has been recommended for permanent-magnet alloys” containing up to 
30 per cent. of cobalt. These alloys.are very low in manganese and the correction for this i 


Copper i is usually determined by iodimetric titration after separation with sodium thio- a ar 4 
cyanate, sodium thiosulphate or hydrogen sulphide, or photometrically with 2: 2’-diquinolyl, 4 
Sodium diethyldithiocarbamate or biscyclohexanone oxalyldihydrazone. 

_ Precipitation with sodium thiosulphate or sodium thiocyanate is used i in two British — ¥ 
"Standard methods for steel and precipitation with hydrogen sulphide is used in a British - _ 
Standard method for permanent-magnet alloys. Precipitation with hydrogen sulphide is = 4 
the most reliable for small amounts of copper, particularly if a carrier sulphide is also present, a 
and for this reason it is preferred for the determination of minor traces of the element in pure ae: 
iron after solvent Perse of most of the iron from a large weight of sample (10 to 20g) _ a 
with ether or amyl acetate. For normal copper contents in steel, precipitation with thio- “i 
sulphate or thiocyanate i is preferred. _ Thiocyanate is more specific than thiosulphate and may 
be used for a wider range of alloy steels, but the results tend to be about 0-01 per cent. low i in aa 
below 0-1 of copper. gives a better in this range, 
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4 BAGSHAWE: FERROUS METALLURGICAL ANALYSIS. 


tin, molybdenum : and some vanadium are co-precipitated, and vanadium with 
the iodimetric titration. Vanadium does not form a precipitate with mo ante and hence 
= not interfere. The thiocyanate precipitate is readily soluble in acids, 


‘and must be ‘ignited before dissolution of the residue. Some authorities consider that 
- molybdenum interferes with the iodimetric titration, and the American Society for Testing | 
Materials specifies a separation with sodium hydroxide for steels containing more than 0-25 


P- cent. of molybdenum. This is not a practice to be recommended, as copper is partially ¥- 


soluble in sodium hydroxide, depending on the excess of alkali, and in any case the treatment | 
a is unnecessary, as it has been shown that the equivalent of up to 4 per cent. of se 
§ without influence on the titration, 
_- Determination with 2:2’-diquinolyl is the best of the colorimetric methods® and forms 
“7 the basis of the recommended British Standard photometric method.® In this method iron 
‘= nd copper are reduced tot the bivalent condition with 1 hydroxylamine, , the copper = Gigeinely 


Breet acid to spdscaylanins ae reducing the copper, and he develops the copper - diquin- 
- olyl complex in a citrate - acetate buffered solution. Both methods give similar results for 
= containing less than 1 per cent. of copper. Above this limit, neither is as accurate as 

the standard volumetric methods. For routine purposes the 2: 2’-diquinolyl method can be 

_ simplified by reducing the copper with stannous chloride and developing the colour directly 


-- in a homogeneous aqueous medium, thus eliminating the extraction with tsoamyl alcohol. — 
ie Determination with sodium diethyldithiocarbamate can be made directly in the steel { 


~ solution® by using a colloid stabiliser, such as gum acacia in ammoniacal citrate solution, 
_ or after solvent extraction with butyl acetate,®* chloroform® or carbon tetrachloride. @ Each 

_ of these solvent extractions is made in the presence of EDTA as masking agent for interfering 

ions. In the direct methods, nickel and, particularly, cobalt and manganese often cause 

_ turbidity, and erratic results are caused by variations in the quality of gum acacia. Even 

a oa with solvent extraction the interference of cobalt and manganese is not entirely eliminated, 
= Probably the simplest of the colorimetric methods is the one based on the blue colour 
developed with biscyclohexanone oxalyldihydrazone in ammoniacal citrate solution.** The 

_ method is applicable to a wide range of steels, and requires no separations or extractions; 

= it can be completed in 20 to 30 minutes. It is, therefore, particularly suitable for repetition 

testing. The reproducibility is about +0-015 per cent. in the range up to 0-5 per cent. of | 
copper. _ Large amounts of nickel or cobalt may cause some interference, but this can be 


7 minimised by more > rigid control of pH and by increasing the alcohol concentration of the f 


There is also an excellent polarographic method® by which copper and lead can be deter- 


4 mined simultaneously in a base solution containing hydrazine hydrochloride and sodium | 


formate. Ferrett and Milner” have utilised a square-wave polarograph to determine copper, 
os together with lead and tin, in steel. The method can be applied directly to a solution of the 


ydrogen may with ox} oxygen n and nitrogen by vacuum fusion of a 
$ ‘solid specimen of the steel in a carbon crucible, from which the result'ng gases are pumped off 


and measured by the usual methods of gas analysis.74_ This is not a partiularly acccurate | 
_ method, as hydrogen is slowly evolved from a cold steel sample, especially under a high | 
_ vacuum, and the samples must be kept under these conditions during the 3 to 4 hours required ] 


me Hydrogen can be quantitatively extracted from solid specimens without fusion and this 
= is now the recognised procedure in works practice.”.78 Vacuum heating for about 1 hour at 
oe 600° to 700° C gives complete extraction for ferritic steels, but high chromium - nickel stainless 
steels may require up to 3 hours at the same temperature. The total gas evolved is collected, 
measured volumetrically and reported as hydrogen although it may contain small amounts of 
other gases hydrogen coment: is usually over 90 per cent., and, as the total volume of 
2 
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as evolved i is only of the order of 5 5 ml per 100. g ofs steel, there is no significant error in 1 using 
_ this form of computation. If the true hydrogen content of the gas is required, it can be meas- 
i= ured by differential diffusion through a palladium tube. Before determination, the sample 
_ is kept in solid carbon dioxide to prevent premature loss of hydrogen by normal ‘atmospheric 
- diffusion. _ The apparatus is designed so that the sample can be introduced into the vacuum 
system immediately before determination by means of a magnetic lift operating through a — 
_ mercury seal, thus obviating the necessity for keeping the sample for long periods under 
_ on the use of a streaming carrier gas instead of vacuum pumps to extract the gas evolved from 
- the steel. _ The steel specimen (about 50 g) is heated in a silica combustion tube at 650°C 
. through which nitrogen is passed at a rate of about 2 litres per hour. The hydrogen diffusing = 
from the steel is carried in the stream of nitrogen, converted to water over a mixture of copper _ 
and ferric oxides at 550° to 600° . absorbed in 1 methanol ar and titrated with Karl Fischer 


Determination of lead is required in two o distinct categories—(a ) leaded steels of > 
_ “Ledloy” type containing 0-2 to 0-3 per cent. of lead, and (b) steels containing mere traces of 
lead (< 0-01 per cent.) as an unwanted deleterious impurity. The requirements of the first — 
; group are met by the classical gravimetric procedures based on separation as sulphate or se 
_ sulphide and subsequent conversion to molybdate. For the second category, sensitive colour — 
- reactions must be utilised. _ Polarographic methods can be adopted fo for determination “a 


. It is unreliable dor lead contents below about 0-05 per cent. it is difficult 
, [heat solutions of 10-g samples of steel to fumes with sulphuric acid under. the specified condi- 
} tions, the lead sulphate residue tends to be contaminated with iron and an ammoniacal acecewdly ae 
j solution is not the best medium for ‘the precipitation of lead molybdate. Precipitation as _ 
_ sulphide i is to be preferred as a means of separation and a method examined recently by the fie 
B.LS.R.A. Methods of Analysis Committee’ is being put forward to supersede the British 
f Standard method. This sulphide method has given results reproducible to within +0- ol ‘2 
ff} per cent. in the range 0-07 to 0- 26 per cent. of lead,”? but it is not recommended for lead 
contents below 0-05 per cent. The sulphide precipitate is dissolved in hydrochloric acid and — 2 3 
the lead is precipitated as molybdate from ammoniacal tartrate solution. Tartrate prev ents — 
co-precipitation of residual iron and for this reason is superior to ammoniacal acetate as the a “ 
_ precipitation medium. Precipitation of lead molybdate from formic acid - formate solution 
_ would probably be superior to either, as when it is precipitated from acid solution it is more _ ae 
_ likely to be true to the theoretical formula than when precipitated from ammoniacal solution. — 
Fi Residual iron is not co-precipitated with lead molybdate from acid formate solution and the © 
_ precipitate has better physical characteristics, it being denser and more crystalline | than when | 
precipitated from either acetate or ammoniacal tartrate solution. 25 
_ _ For the determination of trace amounts of lead, only methods in which some form of 


_ photometric measurement of the lead - dithizone complex after extraction with chloroform — | 
2 rom an ammoniacal citrate - cyanide solution.”* Iron in the amounts found in steel inter- => 
 feres and must be removed, for example, by extraction with amyl acetate. The method is 
4 satisfactory for carbon and low-alloy steels, but cannot be applied directly to chromium — at 
steels. Nickel also interferes, but the interference can be minimised considerably by increasing _ 
- the cyanide content. Interference from chromium and nickel can be prevented by first — 
‘ _ “seeding” the lead as sulphide with a small amount of ferrous sulphide from a carefully ay 
| = neutralised perchloric acid solution. This principle has been successfully applied by ll 
- and Proctor” in a dithizone procedure for lead in corrosion-resisting steels. Lead can be 
extracted as its diethyldithiocarbamate with chloroform at pH 11 from a cyanide - tartrate ~ 
- Sufler solution and this has been utilised by Rooney® in a method for determining traces of 
g Sin com and bismuth in cast iron . Ironis extracted first with isobutyl acetate and the determina- = 


August, 1959] BAGSHAWE: FERROUS METALLURGICAL ANALYSIS. A REVIEW 48 ff 
vith 
nce | 
to 
hur | 
hat 
ting 
)-25 
ent | 
| 
iron 
oly] 
1ase 
sul- 
uin- | 
for | : 
eas | 
a be rei 
ctly 
| 
steel 
‘ion, 
bach 
ring 
ted 
lout 
The 
ons 
tior 
t. 
1 be 
the 
ster 
yper 
f th 
thy : 

ofa 
d off 
irate 
high 
lired 
this . 
ir at 
nless 
ted, 
ts of 
1e of 


his’ extreme : sensitivity and: traces’s as low : as as 0- 0001 p per cent: 1 be 
___ The direct polarographic procedure® applied in a sodium formate base solution with the 
” 


_ iron in the ferrous condition is satisfactory for alloying amounts of lead. For “Ledloy”’ 
_ Steels containing 0-2 to 0-3 on cent. of lead the accuracy is about fe to. those of ‘the 


Magnesiur is in certain types of iron, but only 
ee rarely in steel. The best method is that of Westwood and Presser,8* which depends on solvent | 
iM extraction of most of the iron with isopropyl ether, removal of manganese and certain J 
_ elements by electrolysis with a sodium-amalgam cathode and precipitation as ammonium 


phosphate after complexing residual interfering ions with citric acid. 
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magnesium was lost when a conventional m mercury- -cathode electrolysis \ was used. “The | 
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By source | of error, and quantitative recovery of the magnesium from the electrolyte can be ~ 
_ Magnesium can also be determined by titration with EDTA after removal of interfering 
SiS elements. _ Large amounts of iron can be selectively extracted with ether, manganese oxidised 
to manganese dioxide and removed together with residual iron by means of a basic acetate — 
_ separation. The magnesium in the filtrate can then be titrated with EDTA to the change — 
point of Eriochrome black T. Green® recommends a zinc oxide separation of iron together — 
_ with manganese as manganese dioxide and titration with EDTA after complexing zinc and ' 
Colorimetric methods of determination by means of reagents such as Titan yellow or _ 
ae quinalizarin are not —_ satisfactory owing to the difficulty of completely removing all inter- 
_ The oultieh widely used methods for determining manganese are all based on titrimetric or t 
: ‘laine evaluation of permanganic acid. The best all-round method is the one based on H 
oxidation with potassium periodate in sulphuric - phosphoric « nitric acid solution and - 
Eac=” ‘ photometric determination of the permanganic acid.*.8° This method is universally applic- i 
able to all types of steel, simple to operate, rapid, remarkably free from interference and 
- equally suitable for standard referee or works routine requirements. The permanganic acid 
produced by periodate oxidation is stabilised by the presence of the excess of reagent, which d 
remains throughout; it is independent of silver catalysis, which is necessary if the oxidation is" 4 
made with persulphate, and, under properly regulated conditions, the oxidation can be — 
out selectively in the presence of tervalent chromium. — Persulphate methods suffer “fi 


comparison, as persulphate decomposes | rapidly in the boiling solution and the ‘permanganic |: 


_ acid produced is therefore relatively less stable. Chromium is simultaneously oxidised to 
_ chromate and the solutions sometimes develop opalescence owing to traces of chloride pre- 
cipitated by the silver:catalyst) Bool oct lo 
keg _ Titrimetric methods are usually based on bismuthate or persulphate oxidation. Both 
‘eer methods are somewhat critical and tend to give low results, particularly with large concen- , 
_ trations of manganese, owing to partial decomposition of permanganic acid. The persulphate 
q . oxidation is carried out in boiling solution and requires a high concentration of cel | 
acid and silver nitrate for quantitative formation of permanganate in a fully stable condition. x 
Chromium is also oxidised quantitatively to chromate. A high acidity prevents oxidation of | 
- cobalt, which tends to occur to some extent in dilute acid solutions. The permanganate can — 
be titrated with sodium arsenite or with ferrous sulphate and potassium dichromate. — Atieline 
_ titration is popular in works routine practice, as it can be performed without interference in 
_ the presence of chromate equivalent to several per cent. of chromium. The arsenite titration 
reaction, however, is not strictly stoicheiometric and an empirical factor must be used to 
obtain precise results. Titration with excess of ferrous sulphate and titration: with 


q 
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potassium dichromate is superio or but 1 titrated m 
_ Bismuthate oxidation is carried out in cold solution and, as the chromium reaction is 
relatively slow at room temperature, the method can be operated without serious error in the 
_ presence of up to about 0-5 per cent. of chromium. Cobalt is oxidised in part and interferes ae 
_to some extent. Permanganic acid formation is not completed immediately after adding - 
{] bismuthate and there is a definite risk of manganese dioxide being formed by the interaction 
of permanganate with unoxidised bivalent manganese. Manganese dioxide, once produced, aa 
_ is fairly stable in cold nitric acid solution and causes low results, as it is removed by filtration om "a Be: 
with the excess of bismuthate. The magnitude of the error is ‘dependent on a variety of | 
_ factors, but it is not likely to be serious unless the managanese concentration is very high 
For this reason the bismuthate method is less satisfactory for ferro-manganese and ferro- oa 
silico-manganese than for steels of normal manganese content. 
____ If chromium is present in interfering amount, a separation is necessary before applying ae. 
_ either the persulphate or bismuthate methods. Zinc oxide is the one most frequently used — 
: and this is incorporated in the British Standard volumetric method. There may be slight — 
_ loss of manganese by adsorptive co-precipitation, but this is not usually sufficiently serious _ 
to warrant a repeat separation. Chromium can also be removed by volatilisation as chromyl 
oa - chloride from fuming perchloric acid solution, but, although this is a convenient means of _ 
_ removing most of the chromium, it is not easy to ensure its complete — _ For this 7 
a _ Another method that is very useful, particularly for high-manganese steels and ferro- a 


Sane 


_ Manganese alloy i is that recommended by Lingane and Karplus,*’ based on the titration of 
bivalent manganese with permanganate in sodium pyrophosphate solution according to the — 
4Mn?+ + MnO, + 8H*+ + 15H,P _5Mn(H, 2P,0,)- + 4H ,0. 


_ This is a strictly stoicheiometric reaction, but the titration must be carried out potentio- ais 5 


metrically, as it cannot be made toa visually observable end- owing to the pink colour 


The best method for molybdenum in steel is the one based o on photometric measurement __ 
of the orange-red oxythiocyanate colour produced by the reaction between thiocyanate and — 
quinquivalent molybdenum.**.** The reduction is made with stannous chloride, which also 
serves to reduce and decolorise the corresponding ferric thiocyanate formed simultaneously. : 
| — The coloured compound can be isolated and concentrated by extraction with organic — 
ff} solvents, such as butyl acetate or cyclohexanol, but it is now more customary to develop the © 
s colour in homogeneous acid medium with perchloric acid as the stabilising agent ue The bleach 
. _ ‘ing of the ferric thiocyanate colour appears to be catalysed by molybdenum; it is rapid with _ 
re high-molybdenum steels and comparatively slow, uncertain and sometimes incomplete with — 
_ low-molybdenum steels. A high stannous chloride concentration is beneficial in reducing the 
coloured. ferric compound, but a small amount of titanous salt, which acts as a reduction ~ 
catalyst, is completely effective without increasing the stannous ion concentration. ay 
a _ There is interference from. copper above about 0-4 per cent. owing to precipitation of 
-cuprous thiocyanate, but the interference may occur at lower copper levels if a high stannous | 
_ chloride concentration is used, as this reduces the solubility of cuprous thiocyanate. Van- _ ¥ 
_adium and cobalt interfere only slightly, but a correction can be applied for the most accurate an 
_work. Tungsten can be held in solution as phosphotungstic acid or as a citrate complex; 
_ the latter is preferred. Most thiocyanate methods are critically dependent on a strict a 
_ servance of prescribed conditions and this is no exception. Such factors as acidity and 
_ Stannous chloride and thiocyanate concentrations are 2 interdependent and must be ‘carefully 
— Molybdenum can also be determined very accurately by its colour reaction with toluene- a oF? 
3: 4-dithiol. This principle is normally applied as a semi-micro method” for molybdenum | 5 
alloy steels, but the iron concentration has no critical influence on the molybdenum reaction, 
> by increasing the size of the test aliquot it is possible to determine traces of molybdenum 
of the order of 0-01 per cent. or less to an accuracy of within +0-0002 percent. 
The classical methods based on precipitation as lead molybdate 
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method is the best of these, but its scope is limited by the interference of residual amounts of 
pains «is Because of this the method is complicated by the need for additional separations 

aad i. British Standard method* provides for a separation of residual tungsten (up to 0-5 per 


st cent.) by wet oxidation of the mixed tungsto-molybdenum complex and separation of molyb- § S ™ 

_ enum as trisulphide from a buffered tartrate solution. The method can be used as a con- first 
centration procedure to separate traces of molybdenum from a large weight of sample § solu 

__ preparatory to a determination by the thiocyanate colour method. By this means molyb- | whi 

4 -denum below 0-05 per cent. can be determined with an accuracy to within +0-001 per cent. a cobs 
Shae lead molybdate method is usually applied after separating iron with sodium — | tive 
hydroxide, but is also used as a finishing method after a preliminary separation as sulphide prec 
aa ane or oxime. Tungsten and vanadium interfere in the direct procedure, but vanadium can be recs 
Ahan rendered non-interfering by boiling with formic acid, which reduces it and prevents its nick 
precipitation as lead vanadate. Formic acid solution isa . better medium than acidified 9 SU" 
acetate solution for the precipitation of lead molybdate, as, apart from the control of vanadium | thre 


- interference that it permits, it also prevents contamination from aluminium and tin. The 
— lead molybdate method gives good results on many steels, but above about 1 per cent. of { 
_ molybdenum the results are usually about 3 per cent. high owing to the precipitation of basic 
_ molybdate containing an excess of lead oxide (XPbMoO,.YPbO). _ This source of error can, 
however, be eliminated by re-precipitation, 
HF P¥ibil and Malat®.? have described the use of EDTA as a complexing agent in the deter- 
4 mination of molybdenum and tungsten with 8-hydroxyquinoline. Most of the cations nor- 
— Aa precipitated with 8- -hydroxyquinoline from acidified acetate buffered solution can be — 


et _ “fixed” as stable complexonates. By this means a fairly selective precipitation of oxines can ig 
a be obtained, and from ammonium acetate - acetic acid solution only molybdenum, sae | tee 
aa ‘vanadium and uranium are precipitated, most other elements being screened by the EDTA. B 
is= i _A method has been proposed for ferro- -molybdenum in which this principle is used, and little  & 
modification would be required to apply it to steel. The main limitation, howev er, is the .| enc 
r "Volumetric methods, usually based on 1 reduction with nascent t hydrogen i ina Jones-type be. 
__ reductor or with liquid amalgams, have been mainly limited to the determination of large as 
Ses ~ amounts of molybdenum as, for example, in ferro-molybdenum. _ This type of method provides fer 
a aN a convenient form of rapid assay, but it is unspecific and is subject to interference from § P™ 
- Nickel is “usually volumetrically by titration potassium cyanide and” 


‘silve er nitrate after precipitation with dimethylglyoxime.* 
. __ Considerable attention has been given in recent years to the interference « of copper and 
a cobalt .%,96 * Both elements tend to contaminate the glyoxime precipitate and interfere 
es 5 ~ subsequently by reacting with cyanide. _ Copper interferes by consuming the available reagent 
and may thus cause low results. If more reagent is added, sufficient to precipitate all the 
*: nickel in the presence of the copper, the glyoxime precipitate is contaminated with copper and 
~ high results are obtained. It has been shown that co- precipitation of copper is a critical 

function of precipitation temperature. ~ At low temperatures, e.g., 20° C, contamination is 
2 


at a maximum, but decreases progressively with rising temperature and at 90° C is barely 
- sigpillicenst. At this temperature up to 40 mg of nickel can be precipitated in the presence of — 
ee 50 mg of copper without interference, and provided the precipitation is completed at 90°C 
_ no subsequent co-precipitation occurs on cooling before filtration, == rat 4 
Interference of cobalt is similar in some respects to that of copper, but it is more difficult 


: to control. It is difficult to precipitate small amounts of nickel quantitatively in the presence bee 
of a high concentration of cobalt, and a large excess of reagent is not always effective. With bs 
amounts of nickel, extensive co-precipitation of cobalt occurs. The precipitates are P* 
‘much darker red than usual or may be brown, slimy and difficult to filter. Chirnside, Cluley 3 
and Proffitt®? examined contaminated glyoxime precipitates by X-ray diffraction methods and § 

4 reported the presence of a distinct second phase containing iron, cobalt and carbon. Weelden- | E~ 
burg*®® reported a compound containing one atom each of iron and cobalt and 3 molecules of Ay 
, ry _ Various methods have been recommended to overcome cobalt interference. Oxidation Pa 


the cobaltic condition with hydrogen in the citrate solution 
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For example, up to 40 mg of nickel can be precipitated in the presence of 150 mg of seceeeg 
The peroxide treatment must be applied in ammoniacal citrate solution ; ammoniacal tartrate 
#f is much less satisfactory. Chirnside, Cluley and Proffitt®’ prevented cobalt interference by — 
ff first reducing iron with sodium sulphite and precipitating the nickel glyoxime from acetate = 
ff solution instead of from ammoniacal solution. Kirtchik® recommended a procedure in 

| which nickel and cobalt are converted to non-ionised nickelo- and cobaltocyanides and the 
tiv rely unstable nickelocyanide i is then decomposed with | formaldehyde, and nickel glyc oxime is 7 
precipitated without interference from cobalt. A modification of this principle has been — 
recommended in the British Standard method™ for the determination of small amounts of - s 
nickel in high-cobalt steels. _ Older methods, such as the separation of the cobalt with potas- 


_ Several alternative methods are available for completion of the determination after 

precipitation with dimethylglyoxime, but they are generally rather less satisfactory thanthe =» 

cyanimetric method. Titration with EDTA, with murexide as indicator, gives good results 

but the solution must be kept as free as possible from ammonium and other foreign salts that 

tend to impair the end-point. Oxidation of the glyoxime radicle with ferric sulphate and a 


titration of the ferrous sulphate equivalent with permanganate or oxidation with an excess of esse 
potassium dichromate and back-titration with ammonium ferrous sulphate also give good 
results. Gravimetric methods based on direct weighing as glyoxime or as nickel oxide after b= 
ignition of the complex are seldom used in steel analysis. Although equally accurate, they — 
are comparatively slow and generally less suited to repetition work. a : 
Nickel can be determined without previous separation as glyoxime by direct cyanimetric— 
tle ff titration in ammoniacal citrate or tartrate solution. A good light is necessary for the iodide _ 
the [ff end-point to be detected against the background colour of iron and other citrate complexes. - 
~ ff Alternatively, iron may be precipitated with ammonia after converting the nickel to “tee 
cyanide and the excess of cyanide in a filtered aliquot titrated with silver nitrate. These 
are very old methods still used for rapid furnace-control purposes. Copper and cobalt inter- 
fere, but in their absence or if suitable correction is made for small residual amounts, sur-— 
Direct photometric methods are also used based on the colour of the oxidised nickel 
-dimethylglyoxime compound. The oxidation may be made with bromine, iodine or iodate, — 
and the colour is developed in ammoniacal solution containing the iron, chromium and other — 
p clements : as soluble citrates. Determinations can be made in less than 30 minutes and om a 


accuracy is to within +0-01 per cent. in the range 0 to 0-5 per cent. of nickel. The method 
can be extended to higher nickel contents, up to 8 per cent. or more, but the conditions 
become increasingly critical with increasing nickel content and some loss of accuracy can - <i 
expected... Trace amounts of nickel (< 0-05 per cent.) can be determined on large sample a 
w veights with dimethylglyoxime alpen seven: extraction of iron with ether or amyl acetate. a 4 


Determination of ahaa and tantalum together presents no particular problem, but 


because of the difficulties attendant on the separation of the two elements, individual deter- a : 
mination is not regularly attempted in works practice, a Va 
-§ Separation of niobium and tantalum from the steel solution is usually accomplished by aS 


| acid hydrolysis or by precipitation with cupferron. Precipitation by hydrolysis can be carried 
out in dilute hydrochloric, sulphuric or perchloric acid solution in a similar manner to the 
usual method for tungsten. Weiss and Landecker'® stated that hydrolysis is complete from : 
perchloric acid solution, and Silverman™ used this principle in one of the earliest methods for — 
steel. Cunningham,! however, showed that the presence of titanium prevented complete a 
hydrolysis from perchloric acid solution, and Bagshawe and Elwell! obtained slightly low — 

recoveries both from hydrochloric and sulphuric acid solution, but showed that quantitative _ 
hydrolysis could be obtained by boiling with a solution of sulphur dioxide in dilute acid solu-— 
tion. | — this method there is substantial co-hydrolysis of titanium, tungsten and, to a lesser 
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U 
as ae 4 peroxide colour test to a solution of the final weighed oxide residue. 
Be” i Cunningham’s cupferron method may be applied directly to steel solutions, but it is really 


a more suitable for ferro-alloys. For steels it compares unfavourably with the hydrolysis — 
in that an amount of iron is with the cupferron 


Sma 

the 

ferrous Sulphide from ammoniacal tartrate solution. furt 
then recovered as pure oxides by a second cupferron precipitation, and correction is made ae 
a _ For the separate determination of niobium and tantalum, either directly or after separa- — com 

i - tion as mixed oxides, several methods are available, but most of them are lengthy, involved | is in 
a not always entirely satisfactory. They include fractional precipitation with tannin, § tita 
volumetric determination of niobium after reduction with nascent hydrogen, chromatography § tita 
and ion exchange or photometric methods based on selective colour reactions. — Tantalum con 
also be determined by radioactivation analysis.® Ke anion, 

of the early published work on separation procedures favours Schoeller’s classical tor 
os 4 tannin method. _ The manipulation is very lengthy and involves the processing of a whole § ide 


series of fractions varying from pure tantalum to pure niobium and repeated re-fractionation — als 
of the intermediate fractions. The method is much too slow for anything but occasional use. 

Nevertheless, it must still be regarded as the ultimate umpire procedure. 
2 ‘ _ methods based on reduction with nascent hydrogen, either with zinc-reductor 

_ columns or with liquid amalgams, are sometimes useful, but they are liable to give low results 

tr niobium owing to partial hydrolysis resulting in the production of a colloidal phase that is 

a not reduced with nascent hydrogen. Knowles and Lundell! made a critical assessment of 
* this procedure and showed that under properly controlled conditions succinic acid could be 
E used to inhibit hydrolysis during reduction and that calculated additions of titania, previously 
used by Cunningham,’® could be dispensed with. Experience with this method for steels and 

7 - ferru-alloys suggests that it is fairly miiohoter: when niobium is the minor element and 


tantalum, to which it can be applied directly. The method is primarily derived from the work 
of Burstall and co-workers®: and Mercer and Williams," and is based on the differential 
elution of the earth acid ammonium fluoro-salts through a cellulose column with mixtures- 
of ethyl methyl ketone and hydrofluoric acid. The method gives accurate results. The main 7 2 
 Sateonel are the toxic, inflammable and objectionable nature of the solvent and the § 
time required. The column treatment results in large volumes of solution requiring a long 
_ evaporation treatment to obtain the pentoxides, as there is no reliable procedure for pre-_ 
ee) ‘cipitating the niobium and tantalum directly from their respective solvent fractions. Wells 
has described details of a simple paper-strip method for steel. The strips are spotted with an > 
aliquot of the steel solution and suspended in the solvent (isobutyl methyl ketone plus 4 per 
= of hydrofluoric acid) for 20 to 40 minutes for diffusion to take place. Niobium gives a 
distinctive yellow band away from the dark iron colour at the bottom. Tantalum is similarly 
_ extracted, but by spraying with tannic acid only the niobium is coloured and there is no 
a7) interference from tantalum. By reducing the hydrofluoric acid concentration of the iso-— 
S butyl methyl ketone to 2 per -cent., niobium can be fixed near the original spot and tantalum, ‘ 
_ which alone moves in the solvent front, can be detected by spraying with th quinoline. _ ah be 
ya - Column separations with anion- exchange resins : are coming into use. These are based 
a on the work of Kraus and Moore!” and Hague, Brown and Bright" with hydrochloric - 
a Bes: + nese acid mixtures on Dowex I resin columns and Cabell and Milner™ with the Bxisieh 


that they. are by no means so satisfactory as the chromatographic method, and esther 
a _ detailed investigation is necessary before the multiple- -elution sequence necessary to provide 
a for niobium, tantalum, molybdenum, tungsten and titanium can be properly controlled. == 
¥ a Of the few available colour reactions that can be used as photometric procedures, the 
oa fe thiocyanate reaction for niobium and the pyrogallol reaction for tantalum appear to be the 
4 best best, have ‘imherent limitations. The niobium colour i is developed 
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in moderately strong acid in the presence of a reducing agent (stannous chloride) and can nde. GS 
_ selectively extracted with a variety of solvents including diethyl ether, ethyl and tsoamyl 
acetates and cyclohexanol. Of these, diethyl ether appears to be the best. Freund and ~ 
¥ Levitt’ develop the colour in a ‘homogeneous aqueous system after adding acetone, which 
minimises the dissociation of the complex and permits the optical density to be measured sO 
directly without solvent extraction. These conditions have been adapted by Milner and > a : 
Smales* in a method for steel. The reaction conditions are extremely critical and require — oP x 
the most exacting standardisation, but more stable conditions have been formulated in “ 
further modification by Bacon and Milmer-™ 
-—} The pyrogallol reaction has been described by Gots and Kakita!’ and more recently by __ 
Hunt and Wells.“* The tantalum complex is developed in acid solution and the niobium a 
complex in alkaline solution. Both complexes are yellow, and both obey Beer’s law, but there 
is interference from a number of elements, in particular from titanium. © Interference from — a 
titanium is the main factor preventing the general use of the method in steel analysis. The Bot 
titanium colour reaction has about five times the sensitivity of the tantalum reaction and 
complete separation from this element is therefore essential. Attempts to achieve this by ce 
precipitation from a dilute sulphuric acid - tannin solution have proved reasonably satisfac-— i 
= but a trace of tantalum is lost in the yore The pyrogallol reaction can be applied — 


and comparison of the various methods have been published in 

an Iron and Steel Institute Special Report™® 

ee __ The vacuum fusion method has no particular a advantages over the chemical methods and 

is s comparatively unsuitable for repetition work. Judged purely as a method for nitrogen it 
is hardly worth while, unless determination of oxygen or hydrogen is required simultaneously. 
It also suffers from the disadvantage that nitrogen is usually obtained by difference after | 

- determination of the other gases evolved and the results are therefore affected by the algebraic — 
sum of the errors of the gas analysis, Statements that the vacuum fusion procedure gives — 

values 0-001 to 0-002 cent. below | chemical ; procedures ai are 


the steel in mineral acid and liberation of ammonia, by distillation 


_ sodium hydroxide. The ammonia is then determined titrimetrically with standard acid or i 
colorimetrically with Nessler’s reagent. Certain nitrides are very resistant to acid attack, 
q example, nitrides of aluminium, boron, chromium, titanium, vanadium and zirconium, 


and prolonged digestion with fuming sulphuric acid may be necessary for complete decomposi- — 

a Differentiation between the various nitrides present in steel is not a practical proposition, 


_ but a method has been proposed by Beeghly™ for the determination of aluminium nitride. — : 
Pe his depends on the ‘Selective action of sodium hydroxide, in which most other nitrides are 
§ completely insoluble. The | steel is first decomposed in a mixture of bromine and methyl 
_ acetate, which leaves a residue of unattacked nitrides, oxides and other non-metallic com- i 
f pounds. The residue is then digested - with sodium hydroxide and the ammonia released — : 


_ by the decomposition of the aluminium nitride is determined by th usual methods. — 


technique can be used for all types of in the of the apparatus, 
dependent on the method of heating—either resistance or high frequency"**—have been 
; - the main developments in recent years. Conventionally, the oxygen is determined gas “oe 

seated as carbon monoxide, along with hydrogen and nitrogen, but in Speight and Cook’ Ss 

_ method" the carbon monoxide is converted to carbon dioxide, which is isolated from the Be 

_ other gases by freezing, 

_ new technique™ utilises 
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a from a fusion : apparatus otherwise similar in construction to the one used for fusion i in vacuum. a 
Teel The carbon monoxide is converted to carbon dioxide and determined gravimetrically ina for - 
manner to the determination of carbon in steel 
Methods for determining oxygen in steel by purely chemical procedures are comparatively . in t 
ae ‘limited i in scope and are mainly restricted to plain and low-alloy steels. A chlorination tech- al mu 


_Rique has been used! in which the metallic elements are converted to volatile chlorides in an : i of t! 
_ atmosphere of chlorine, leaving a residue of oxide inclusions, which is analysed for its indi- | _ inte 
S vidual components and the oxygen content computed from the results. Methods based-on § 
_ separation of the oxides by dissolution of the steel in alcoholic iodine have been used for many ~ stee 
years and have been reviewed recently by Garside, Rooney and Belli..% Another method pi 
Be depends on conversion of the oxides to alumina by heating thin samples of steel between § trib 
§ _ Strips of aluminium in vacuum at 1250° C. - Aluminium diffuses into the steel and reacts with 9} app 
at, ‘ _ the oxides present to form alumina, which i is determined in the insoluble residue after dissolv- 9 by 
Pa ing the steel in mineral acid. Older methods based on the formation of alumina in the liquid § con 
Bee - steel are still practised as a means of determining the oxygen content during the melting hig 
See ‘Process. _ In these methods, based on the original Herty technique, a spoon sample of the § ste 
7 3 liquid steel is “killed” with an excess of aluminium and the alumina produced subsequently ine 
— _ determined in the acid-insoluble residue. The results are o only approximately correct and the mo 
; : peer degree of error may vary widely depending on the type of steel, solubility i in acid, nature and res 
_ concentration of the acid used and the time required for extraction. In general the method - pre 
is suitable for plain carbon and simple alloy steels, nit 


The most widely ‘used method the determination phosphorus depends on n precipita 
a tion as ammonium molybdophosphate and then alkalimetric titration or conversion of the — Ac 
_ molybdenum equivalent to lead molybdate and gravimetric determination. Alkalimetric _ me 
- titration is almost invariably used in general works practice when speed is an over-riding co 
consideration, but for umpire determinations, the gravimetric method is much to be preferred. me 
Methods based on direct weighing of the molybdophosphate are seldom practised in steel Th 


analysis, mainly because the precipitate cannot be collected on filter-paper for this purpose ‘Tel 
a and also because of the critical nature of the drying temperature on the composition of the tu 


< precipitate. Conversion to magnesium pyrophosphate has the advantage of being independ- § it 
ent of variations in the ratio of phosphorus to molybdenum in the precipitate, but it is 4 
_ otherwise comparatively insensitive and requires expert manipulation to ensure quantitative 


precipitation of the small amounts of phosphorus usually found in "eens ia 
molybdophosphate reaction is critically affected by many variables, such as acidity - sil 
temperature, molybdic acid concentration, phosphorus concentration, time of standing, 
stirring and the effect of other elements, ¢.g., arsenic, vanadium, titanium, tungsten, zir- 

conium , niobium and tantalum, which interfere either ‘by p artly inhibiting precipitation or hy 
by co-precipitation as related heteropoly compounds. - a A father difficulty is that some of Bch 
Aes these variables are so critically interdependent that it is almost impossible to devise conditions - 


that are ideal or even suitable in all over the full range of phosphorus contents sO 


conditions as reviewed. by. Hunde- si 

% eet and recently by Stockdale,** who gives a comprehensive survey of the reaction. su 
"Stockdale considers that the nitric acid concentration and the excess of molybdic oxide are tr 
the most important factors governing the precipitation of phosphorus from ferric solutions. $a 

_ Precipitates true to formula are obtained with a high nitric acid concentration and a minimum fi 

_ excess of molybdic oxide, but the yield is incomplete. With low acidity and high molybdic re 


_ oxide concentration all the phosphorus is precipitated, but the compound carries an excess 
of molybdic oxide. He recommends precipitation with an excess of molybdic oxide to ensure a 
_a full yield of phosphorus, and then dissolution of the precipitate, removal of molybdenum as 
: =: sulphide and re-precipitation of the molybdophosphate under ideal conditions in the absence 

_ ofiron. This method gives excellent results, but it is too slow for general works routine. __ 
ity _ The first of the two British Standard methods for steel! is not entirely rem ha 


precipitation of excess of molybdic The second British Standard method,™ 441 based 
ee on precipitation from: perchloric - ~ nitric ; acid solution, has virtually made the older method 


: 

ue 

= 

| 

% 


interfering elements and the method can, therefore, be to all types « of steel. 
_ Methods in which perchloric acid is not used have a much more restricted scope and are 
in the main limited to steels soluble in dilute nitric acid. Such methods have not changed ~ 

: adit in essentials since the original Handy method on which they are based, and, on account | 
_ of their simplicity, they are still used extensively in general works practice. 12 There may be ft 
interference from un-decomposed carbides, particularly with high-carbon chromium - molyb- 
denum steels, and from arsenic and vanadium. Interference from arsenic is not serious for — 
steels containing < 0-03 per cent. of the element and can be controlled by reducing the pre- 
cipitation temperature to < 40°C or by using a high nitric acid concentration. Removal as 
tribromide, recommended in the British Standard perchloric acid method, is not readily 
applicable in a direct nitric acid method. _ Interference from vanadium can also be controlled — 

_ by using a high r nitric acid concentration or by reduction with sulphurous acid to the vanadyl | 
condition before the molybdophosphate precipitation. _ Precipitation of phosphorus from a on . 
high nitric acid concentration is relatively slow and may be incomplete with low- -phosphorus — a 
steels. Precipitation may be accelerated by raising the temperature to above 70°C, but this e 
increases the risk of interference from arsenic and may lead to co- precipitation of excess a “yf 
-molybdic oxide. Vigorous shaking is necessary to induce precipitation and this may also © a 
_ result in co-precipitation of molybdic oxide, particularly with high-phosphorus steels. If aa aud 

_ provision need be made for arsenic, reduction with sulphurous acid is preferable to a high 
nitric acid concentration as a means of controlling interference from vanadium. __ ratios 

: _ Colorimetric methods are used based on reduction to molybdenum blue,” but the reaction — = - 


routine practice. 
According to Kitson and Mellon" the colour of the can be 
_ measured directly in solutions of simple steels, but Elwell and Wilson™ showed that the colour — = 
could not be measured accurately in the presence of iron, chromium or nickel and recom-_ e 
_ mended solvent extraction with isoamyl alcohol, in which the compound is selectively soluble. s 
= method is much quicker in operation than the classical gravimetric methods and gives oa “5 
_ reliable results for a wide range of steels, including high chromium - nickel stainless steels and a 
_ tungsten high-speed steels. There is minor interference from arsenic and for accurate work sie . 
it is recommended that this element should be removed as the tribromide.™® = © 
| ss Silicon is usually determined gravimetrically after dehydration of silicic acid to insoluble * 
silica with mineral acids or photometrically by methods based on the molybdosilicic acid colour 5 
a the ¢ gravimetric methods the dehydration m may be made by baking a hydrochloric or < 
| hydrochloric - nitric acid solution of the steel or by heating to fumes with sulphuric or per- e 
_chloric acid. Of these, perchloric acid is the most effective and is used in the recommended — 
q British Standard method for steel. By this method, only about 0-5 mg of silica remains in _ 
¢ solution after a single dehydration treatment, equivalent to 0-005 per cent. of silicon when the — . . 
_ factor weight of sample, 4-67 g, is used. Double dehydration to recover the trace of remaining — 
_ silicon is, therefore, only necessary for the most exacting requirements. Dehydration with 
: sulphuric or hydrochloric acid may leave as much as 2 mg of silica in solution after a single ts 
treatment. _ Fowler’ investigated the dehydration efficiency of various acids; with a 2-336-g | ; 
_ sample of 4-7 per cent. silicon steel he found that one dehydration with sulphuric acid left Jf 
3 from 1-8 to 2-3 mg of silica in solution. With double dehydration the soluble silica was « a 
_ reduced to an average value of 0-65 mg. Dehydration is also more difficult to control with — 3 e 
_ sulphuric acid, as the sulphates deposited during the later stages of the evaporation are apt to r 
: cause spirting and bumping of the solution, and salts projected on to the beaker cover in this —_ a 
: way may not be fully dehydrated. The fumed concentrate is also more difficult to extract, — 
9 as basic sulphates may be formed that are not readily re-dissolved, whereas the corresponding Acie oe 
. perchlorates are freely soluble in acids or water. Dehydration with hydrochloric acid is 
: easier to handle than that with sulphuric acid, but its use is limited to comparatively simple — 
unless nitric acid is also added to decompose carbides,§ 
_ Perchloric acid has a much wider range of application than have the other acids, as its 
use ‘permits the effective decomposition of complex alloy « carbides in highly alloyed steels, ie 
: yielding silica residues remarkably free from contamination. _ Titanium salts are also freely 
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soluble in acid extracts, and residues from steels up per cent. of 
_ titanium show only minor contamination. With hydrochloric acid dehydration there is 
_ always extensive hydrolytic of titanium, sometimes as much as half the titanium 


acid that are ‘difficult to dchydvate may be formed and hot 
concentrated. phosphoric acid attacks glassware very severely. High and variable results 
ee may therefore be obtained unless the dehydration is carried out in Vitreosil-ware. i: ae 

3 ? _ Acid-resisting high-silicon irons containing 10 to 18 per cent. of silicon require a spec- 
i, 4 ialised dissolution treatment. In the recommended British Standard method™® for silicon 
a iron the sample is dissolved in a mixture of ammonium chloride, bromine and hydrobromic 
acid and dehydrated by evaporation to dryness over a steam- bath. About 2 mg of silicon 
wea remains in solution after this treatment and is recovered by dehydrating the filtrate with 
__ The presence of milligram amounts of oxide impurities in silica residues does not usually 
cause much trouble, as the determination is completed by measuring the loss in weight when 
the silica is volatilised as tetrafluoride. Errors may arise owing to change in composition of 
_ the residual oxides-after the hydrofluoric acid treatment or to the retention of sulphates if 
=. sulphuric acid is also used to prevent volatilisation of titanium and other fluorides. For these 
_-Feasons the non-siliceous residue should be kept as small as possible, preferably not exceeding .: 
_ §mg, but this is a counsel of perfection that cannot always be achieved, as substantial 
_ contamination may be unavoidable if niobium, tantalum, tungsten or molybdenum. i is | 
2 present. Tungstic and molybdic oxides are slowly volatilised at ignition temperatures — 
exceeding 800° and 550° C, respectively, and may cause significant error if the ignition is. 
3 prolonged above these temperatures after the hydrofluoric acid treatment or by incomplete 
ar conversion of sulphates to oxide if the ignition is made at lower temperatures. _ Separation — 
from tungstic and molybdic oxides by fusion with sodium bisulphate and re- precipitation | 
silica after extraction in citric, tartaric or ‘omit acid is not altogether s successful, as small 
f seer _ Colorimetric methods are now used cutaaniinin particularly for works routine purposes. 
The silicon is first converted to the yellow-coloured molybdosilicic acid, which is then reduced — 
q Pk to molybdenum blue and measured photometrically. By suitably regulating the acid con- 
centration the molybdosilicic acid can be selectively reduced in the presence of phospho-, 
& -vanado- and arsenomolybdate. Compensation for the inherent colour of other alloying 
<a elements i is made by a difference reading against a similar solution in which the molybdosilicic - 


if ea acid reaction is inhibited by altering the sequence of acid and reagent additions. The reduc- f 
= tion to molybdenum blue can be made with a variety of reducing agents, of which stannous ‘1 oo 


chloride? or a combination of ferrous sulphate and oxalic acid is preferred. Both these 

_ methods of reduction are incorporated in British Standard methods, the former in a method — 
+or for general application up to 2 per cent. of silicon and the latter in a sensitive short-range — 

. method for steels containing < 0-05 per cent. of silicon." The main difficulties experienced — 


acidity, reagent concentration and temperature, impure reagents, and blank pick-up from 
_ storage of solutions in glassware. It should also be noted that the method of dissolution limits. 
a _ the application of the method to comparatively ‘simple steels soluble in 5. per cent. ‘sulphuric 
Bs, acid and that only elemental silicon is determined. Silica and silicate inclusions present in 


_ Three methods in general use for determining ) the 


sulphate method, (6) high- combustion in oxygen and alkalimetric or iodimetric 
it titration of the evolved sulphur gases, and (c) evolution as hydrogen sulphide and iodimetric _ 


The gravimetric procedure i is still the primary method, but it is not extensively used i in 
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1959) 
_ operate it successfully. " Its use is mainly restricted to referee dechaigiatiainn and the prepara- 
£ tion and checking of control standards for the combustion process, which is now the recognised 
_ works routine procedure. The hydrogen sulphide evolution method has been virtually 
z superseded by the combustion procedure. Evolution of hydrogen sulphide is not always 
be - quantitative; full recovery is dependent on the metallurgical condition of the steel and the 
= or absence of elements, such as copper or molybdenum, that “fix” sulphur in the 
olution as hydrogen sulphide. _ However, for certain steels of simple 
method still has certain Ber example, whereas an individual determination 1 may 
§ _ take rather longer than the combustion process, it is possible to operate the method in batteries — 
of up to 10 tests or more. The average time per test is then very much in its favour and a 
can be an important point when several casts are being refined simultaneously. 
_ _ The gravimetric barium sulphate method is not by any means an ideal procedure, in _ 
spite of its acknowledged status as the primary reference method. The baking treatment to ao 
= residual nitric acid and decompose ferric nitrate is difficult to control. Insufficient _ 
_ baking gives low results owing to incomplete destruction of nitrates, and over-baking ie 4 
results in loss of sulphur owing to formation of insoluble basic iron and chromium com- , ts 
pounds. The conditions are So critical, ‘particularly \ with steels of high | chromium content, 
| basic salt formation. Basic salts also tend to pass through the filter in colloidal form and ‘oe 
_ subsequently contaminate the barium sulphate precipitate. A further effect of chromium . 
is that it tends to form chromo-sulphuric acid complexes of low ionic dissociation, with the | m ; 
z result that some of the sulphur may not be precipitatable with barium sulphate. Complete 
_ precipitation is also difficult to achieve with very low sulphur steels (< 0-015 per cent.) and — 
; various devices are used to speed the precipitation, for example, the addition of known — , 
- amounts of a standard sulphur solution. The method also suffers from inconsistent blanks Bo 
_ and the fact that blanks determined on a pure solution of the reagents are not strictly com- _ 
y parable with the test openers which are modified samen aay by the presence of ferric 
-Bagshawe and Pie the -etitical. baking altogether and used 
hydroxylamine hydrochloride to destroy residual nitrates; this has considerably simplified 
5 the operational technique and has led to much improved results on chromium steels. The os 
£ hydroxylamine treatment is incorporated in the revised British Standard procedure. 
_ Nydahl separates the sulphur from interfering ions by selective chromatographic adsorption — 
_ on aluminium oxide before precipitating with barium chloride, whereas Belcher, Gibbons and 
_ West'#® remove iron by extraction with isoamyl acetate and subsequently determine the ae 7 
| barium sulphate titrimetrically with EDTA. 
i... he combustion process by virtue of its speed and simplicity has now become firmly _ a 7 . 
established as a works routine method. The results are highly reproducible, but have to be ae 
_ computed empirically with relation to steels of known sulphur content, as the combustion _ 
: reaction is not stoicheiometric. Lack of stoicheiometry appears to be related to the formation — 
of an equilibrium mixture of sulphur dioxide and sulphur trioxide with incomplete recovery of 
~ the sulphur trioxide fraction on account of (a) incomplete adsorption of sulphur trioxide mist, — 
| and (6) condensation in the cooler parts of the tube and exit system. The latter may be 
&§ caused by the presence of traces of moisture or by entrained ferric oxide dust. Ferric — 
| } is an active catalyst for sulphur trioxide formation and at low temperatures, 400° to 500° C, | 
i _ Sulphur may be fixed as ferric sulphate in the cool end of the tube. The proportion of sulphur _ 
trioxide i in the combustion gases diminishes progressively with increasing temperature and a — 
i high operational temperature is, therefore, of paramount importance. If working tem- 2 
S peratures approaching 1600° C could be achieved, it is proable that the yield factor would 
- come extremely close to the theoretical value. As it is, the average yield is rarely a 7) 
_ than about 90 per cent. and may drop to as low as 80 per cent. as the tube becomes progres- = 
-Sively fouled with deposited oxides and:sing 
‘The elimination of all filters and plugs of asbestos, cotton-wool, etc., and the simplification - 
‘ of the delivery part'of the system has been an important trend. “This has been made pos- 
sible by pre-heating the sample in the hot combustion zone before admitting oxygen. Pre- z 


of oxygen, there is practically no entrainment of ferric oxide dust with the exit gases. — This 
ion 
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reduces the sulphur yield by holding sulphur gases in the cooler parts of the system. 


ence of precipitated silver sulphite. Sodium borate is now considered a better titrant than 

_ sodium hydroxide. Its most important feature is that it permits the procedure to be used 
successfully on high-molybdenum steels. Molybdic oxide carried over in the gas stream reacts 
_ with strong alkalis and therefore interferes when the titration is made with sodium hydroxide, 
but it does not readily react with sodium borate unless a large excess is used. Steels contain- 

_ ing up to 16 per cent. of molybdenum can be analysed without interference. The alternative 

_ method, depending on absorption of the gases in water and titration with iodate, is generally - 
eo less satisfactory than the alkalimetric titration, as only sulphur dioxide is determined and the 
percentage yield is, therefore, appreciably lower, 


_ The usual method of determining tin is based on reduction to the bivalent condition with 
a metallic reductant and then titration with standard iodine or iodate. The reducing metal 
_ may be antimony, aluminium, iron, nickel or lead, used singly or in suitable combinations. _ 
___ Reduction with nickel in the form of an etched or activated spiral is probably the most 
exact, but reduction is slow and the green colour resulting from dissolved nickel tends to 


_ objection to antimony is that the accuracy of titration is a critical function of antimony 
particle size; a coarse antimony gives low results owing to incomplete reduction, whereas a 


he finely ground flour gives high results owing to reaction with iodine. Thus, high or low 
_ results may be obtained at will, mainly by altering the grading of the antimony flour, and 
correct results are largely a matter of chance. This source of error can be largely overcome 


_ by a combination of metallic aluminium and a dissolved antimony salt. This results in the 


_ Hydrogen peroxide is preferred to silver nitrate as the absorbing medium, as the titration | i 
_ can be made in a clear solution. -With silver nitrate, the titration must be made in the pres- 


| P _ per cent. of the tin present. This is certainly not true for the very low concentrations of tin 


involved in steel analysis and does not arise when the combined aluminium - antimony salt- 
- method is used, as only traces of residual antimony remain out of solution, = t 


| as For irons and low-alloy steels, the method may be applied directly to a solution of the 


4 ‘ eis sample in hydrochloric acid.“* Some steels give fading end-points by the direct method, pre- 
_ sumably owing to reaction of iodine with carbon compounds. This tendency can be largely 
a ct eliminated by a treatment with hydrogen peroxide before reducing the tin. = = | 
‘The direct method is not suitable for highly alloyed steels owing to the difficulty of locat-_ 
ae ing the end-point in the presence of coloured salts, e¢.g., salts of chromium, nickel, or cobalt, 
___ or on account of the chemical interference of large amounts of tungsten or copper. Tungsten 
cannot be separated as tungstic acid because it occludes tin. It is best removed as unattacked ‘ 
stable carbide or tungstide after dissolving the steel in a non-oxidising acid. Tungsten carbide 

_ residues are dense and tractable and do not adsorb tin. The filtrate from the carbides is 

ie My directly suitable for precipitation of tin as sulphide, which serves to isolate it from interfering 
_ elements preparatory toreductionand titration, 

_ The response of trace amounts of tin to precipitation as sulphide is apt to be erratic and 
recoveries are generally low. This appears to be due to the absence of sufficient precipitate- 

_ forming nuclei, but by co-precipitating the tin on a carrier sulphide, molybdenum or copper, 
ae quantitative yield can be obtained.“* Molybdenum is preferred to copper as the carrier 


Hee sulphide, as copper tends to interfere with the iodine titration. The method is applicable to § 


oath Colour methods for tin are rarely used in steel analysis, but the element can be determined © 

: _ polarographically either directly or after separation from the steel solution. Direct polaro- 
ea graphy is suitable for high tin contents, but for the more usual trace amounts, the element 
ss Maust first be separated as sulphide or by co-precipitation on manganese dioxide. Tin, 


uniform chemical reactivity. If repeated aluminium additions are made until a slight excess | : 
sists in the boiling solution, complete reduction of tin is certain and the very 9 
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together with antimony, molybdenum and several other elements, is quantitatively co- precip 
tated when manganese is with from nitric acid solution.’ 


Titanium is usu y determined by the hydrogen peroxide reactior 
either directly in the steel solution or after separation of titanium from interfering elements. 
_ In the simplest case, the peroxytitanyl compound is developed directly in a sulphuric acid ~ 
§ solution of the steel and requires no separation from chromium, nickel or other elements — 
fog coloured salts. The optical density is then measured relative to a blank or compen- 
- sating solution prepared from the steel itself.%* In this way the inherent colour of foreign ions 
is exactly compensated for. - The only elements interfering are vanadium and molybdenum, © x 
, both of which give coloured reaction products with hydrogen peroxide. _ The molybdenum © 
colour is comparatively insensitive, ¢.g., 3 per cent. of molybdenum is equivalent to 0-05 to 
0-10 per cent. of titanium, depending on acidity and other conditions, but the relationship is 
- strictly proportional under defined conditions and can be corrected for if the molybdenum 
content is known. The vanadium colour is of comparable sensitivity to the titanium colour 
and the direct method cannot therefore be applied. The method of applying it, based on the 
- which th reading between the colours of the test solution and a similar blank solution, in ~ 
which the titanium colour reaction is inhibited by the addition of fluoride,™ is not recom 
mended for precise work, as fluorides modify the inherent blank colour, = ~~ 
—: When separation is needed to eliminate interfering elements, various procedures can 
‘ adopted, including precipitation with cupferron from reduced (ferrous) solution, hydrolysis 
} from dilute acid solution with sulphur dioxide, sodium thiosulphate or phenylhydrazine, 
_ precipitation with -hydroxyphenylarsonic acid from dilute hydrochloric acid solution. a 
_ None of these is entirely satisfactory, but cupferron is the one most frequently used and — <a 
forms the basis of the recommended method for steel. Precipitation with cupferron elimi- _ Sea: 
nates most of the ‘iron and elements, such as chromium and nickel, having coloured salts. nas a 
 Venidian’ is co-precipitated, but if it is reduced to the quadrivalent state with an excess of 
: ~ sulphur dioxide just before adding the cupferron, the contamination is of a very minor order. ai “5 
Further separation, however, is necessary for vanadium alloy steels, for example, by fusing — a 7 . 
ignited cupferron residue with sodium carbonate and precipitating the titanium as meta- 
} titanic acid by boiling the aqueous extract. In addition to vanadium, this also eliminates | 
: any molybdenum or tungsten carried down with the cupferron precipitate. _ The titanium ome 3 ; 
precipitate is then ignited, fused with potassium bisulphate and the hydrogen peroxide a 7 
reaction applied to the acidified fusion extract. If the sodium carbonate separation stage is 
omitted, from residual traces of vanadium can be by a few 


for alloyed steels, as from the precipita- 
rt tion of niobium, tantalum or tungsten is prevented if the potassium bisulphate melt of the _ 
a mixed oxides is extracted directly in citric or tartaric acid. Citric acid is specified in a recent 
_ method recommended by the B.I.S.R.A. Methods of Analysis Committee. The peroxy-— 
j titanyl colour is modified by variations in acidity, particularly of phosphoric acid, which 
ie Teduces the sensitivity, but also to a lesser extent by sulphuric, citric or other acids that may 4 
be present. It is essential, therefore, that test and calibration conditions should be closely = 
_ correlated. The colour is extremely sensitive to traces of fluoride, which have a pronounced 
_ bleaching action, and, because of this, treatment of siliceous residues with hydrofluoric acid © a 
Titanium may also be determined by the hydrogen peroxide method after solvent extrac- 


ee tion of iron, vanadium and other elements as the carbamates with pyrrolidine - dithiocarb-— 
ee amate in chloroform.” This method offers a simple approach to the problem of vanadium 
interference, as up to 4 per cent. of vanadium can be selectively extracted in this way. aaa 
2 For the determination of traces of titanium, sufficient sensitivity for most purposes can | 


it be obtained by the cupferron method with 5 or 10-g samples. Alternatively, iron, chromium, 


nickel and other elements can be separated from 10-g samples by mercury-cathode electielysis 
and titanium determined in the residual electrolyte. By this means from 0 to 0-025 per cent. - 


titanium can be with an accuracy to ‘within 0-001 per 
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The 3: :5-disulphonate (tiron) is more sensitive than 
hydrogen peroxide for trace determinations. The titanium must be separated from most of © 
ee the iron, but the colour from residual small amounts of iron can be bleached with sodium — 
i dithionite in the pH range 4-3 to 5-0. Vanadium and molybdenum interfere and the reaction — 
Gravimetric and volumetric methods are rarely used for steel analysis. The British 
7 Standard gravimetric method for permanent-magnet alloys is applicable to steels and 
om _ depends on precipitation with cupferron, separation of residual iron as ferrous sulphide from — 

- ammoniacal tartrate solution, precipitation with cupferron and ignition to oxide. The method § 

_ is accurate if niobium, tantalum and zirconium are absent. Volumetric methods, based on 
reduction with nascent hydrogen, are not sufficiently specific to have any worthwhile applica- 


; ae ‘The standard gravimetric method,!® based on hydrolytic precipitation of tungstic acid, 


co recommended for steels containing more than 3 per cent. of tungsten. For lower tungsten 
eS. contents, separation by hydrolysis is uncertain and liable to be incomplete. Below about 
0-5 per cent. of tungsten, the results ar are erratic and below about 0-1 per cent., precipitation 
ay _ ” Various auxiliary precipitants have been recommended to improve the yield, for example, 
- ae cinchonine and rhodamine B,!*! but without complete success, and it is noteworthy that most 
; ee of the reagents recommended lead to increased co-precipitation of molybdenum. The degree 
Ch _of molybdenum contamination occurring is influenced by a variety of factors, ¢.g., the acidity _ 
of the solution, the time allowed for precipitation, the concentration of the two elements and | 
the ratio of their respective concentrations. Conditions favouring a quantitative yield of | 


— tungstic acid always favour an increase of molybdenum contamination. Thus, minimum § 
acidity, reduction of the iron with sulphurous acid, use of auxiliary organic precipitants and — 
ne long standing before filtration all tend to improve the yield of tungstic acid, but usually at the 
_ expense of increased contamination from molybdenum, vanadium and other elements. Tung- § 
stic uxide residues from 2-g samples of high-speed steel (6 per cent. of tungsten - 6 per cent. of 
_ molybdenum) may contain anything from 10 to 25 mg of co-precipitated molybdic oxide. — 
_ The accurate determination of residual molybdenum in the tungstic oxide is, therefore, an | 
_ important consideration. Milligram amounts of vanadium, chromium and iron may also be | ‘i 
co-precipitated, and a general charge against steel-industry chemists is that they often over- 
— tungsten determinations and do not make proper allowance for impurities. 
___In addition to cinchonine and rhodamine B, other organic precipitants that have found - 
somé use include Yoe’s reagent,’ antipyrine (phenazone), tannin and various benzidene 
_ derivatives. Yoe’s reagent is the equal of cinchonine as a precipitant, but it also induces §- 
substantial co-precipitation | of molybdenum. Antipyrine, recommended by Moser and 
BPs: Blaustein,’ is also equal to cinchonine, but the precipitates are bulky and sticky and difficult * 
4 ae to filter and wash. From a ‘manipulative point of view cinchonine and rhodamine B are 


_ both better than antipyrine. Belcher and his co-workers have made a systematic study of — i 
_. benzidene and related. compounds and amongst these 4:4’-diaminostilbene!™ was found to 
- precipitate tungsten and molybdenum quantitatively from neutral solution. In applying 
_ the reagent to steel, interference from molybdenum can be suppressed completely by pre- 
_ cipitating from 0-7 N hydrochloric acid, but the tungsten yield is also slightly impaired. E 
In view of all the inherent difficulties associated with precipitation methods, probably ; 
the most accurate procedure is to recover most of the tungsten by simple hydrolysis from 
fairly strong acid solution, e.g., 15 to 20 per cent. hydrochloric acid, thus ensuring the mini- 
-_- mum of contamination, and then to determine the small amount of unrecovered tungsten by 
one of the colour reactions. . Below about 3 per cent. of tungsten, the colour methods can 


wn 


| 


be used to supersede the hydrolysis procedure. ti 
_ _ The most accurate colorimetric method is the one based on the reaction with toluene- 
3: 4-dithiol.16— Molybdenum gives a corresponding colour with dithiol, but it can be prefer- 

__ entially developed i in cold weak acid solution and selectively extracted with amyl acetate 
_ before developing the tungsten colour in a hot solution of increased acidity. Under these 
conditions the reaction is specific for tungsten in steele — 

_— Methods based on the tungsten thiocyanate colour have been used extensively in recent 
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Th The reaction is critically affected by variation of conditions and the most exacting and rigi 
_ standardisation is necessary. The colour is developed at a much higher acidity than is used 
in the corresponding molybdenum method, but complete suppression of the molybdenum — 
~ reaction has been one of the main problems. _ The B.1.S.R.A. Methods of Analysis Com- 
nittee*: 167 recommends a combination of titanous and stannous chlorides as the reducing — 
ent and has shown that up to 3 per cent. _of ‘molybdenum can be tolerated without inter- 


- 5 per cent. of molybdenum. Vanadium interferes by forming a similarly coloured compound, — 
od 5 but of relatively low sensitivity. _ The interference is not completely independent of tungsten, — ; 


to 03 per cant’: Although it is not as accurate as toluene-3 : 4- dithiol procedure, 
method has decided ‘Tepetition work in routine practice. 


__ The best methods for steel are based on the tit titrimetric measurement of the ay 204 to Vy 0, “9 
transformation. The titration can be made in either direction, i.e., by titration of quinqui- 
= valent vanadium with a standard reducing agent, such as ferrous sulphate, or by measured © ae 
x oxidation with standard permanganate after reduction to the quadrivalent state with sulphur — 4 
_ dioxide, hydrogen sulphide or ferrous sulphate. Excess of sulphur dioxide or hydrogen sul- 
_ phide must be removed by boiling, and excess of ferrous sulphate can be selectively oxidised — 
| in cold solution with ammonium persulphate. Sulphur dioxide and hydrogen sulphide can 
| only be applied after a separation of iron, as this element is also reduced, but reduction with rm 
: _ ferrous sulphate can be applied directly to a steel solution. — _ For convenience in routine prac- _ 
- tice it is often combined with a determination of chromium, the titration being carried out 
‘ after completing the chromium test by either the Vignal or persulphate procedures. __ etry - 
If vanadium alone is being determined it is preferable to oxidise with permanganate in 4 g 
M4 cold solution to the quinquivalent condition and titrate with ferrous sulphate. This is the © ‘a i 
principle used in the recommended British Standard method. 169 An excess of permanganate 
_ must be used to ensure complete oxidation, after which sodium nitrite is added to reduce the — . 
_ excess, followed by sulphamic acid” to destroy residual nitrite. Urea may also be used. &§ 
ze The titration end-point with diphenylamine is improved by the presence of phosphoric or * 
§ hydrofluoric acid and both serve the additional function of complexing tungstic acid. — The fn 
| choice between them is a close one, but on balance the evidence is in favour of hydrofluoric 
« acid.174 There is some difference of opinion as to whether it is preferable to titrate with ferrous — Pn 
ih sulphate to the reduced form of the diphenylamine indicator, as in the British Standard : 
a= or whether to use an bsp of ferrous sulphate and back-titrate to the oxidised — 
he advantage either way is a fine one, and it is mainly a matter 
of personal Ai titration by a dead-stop end- procedure!” is 


colour of the chromium - nickel salts interfere with the visual method. ymrtochow 4 titra- 

with ferrous sulphate with use of an H-type polarographic cell and a platinum 

f With highly alloyed steels, separation from chromium can be made by volatilising most — 
of the chromium as chromy] chloride from perchloric acid solution or from a mixture of per-- 
chloric and phosphoric acids if tungsten is present. Vanadium can also be precipitated with 
-cupferron and in this way separated from large amounts of iron, chromium, nickel, etc. Separa- “a x 
tion of these elements by mercury-cathode electrolysis is also a useful preliminary treatment © a ei 

out on comparatively large sample weights, ¢.g.,5to 10g. It is, therefore, S ae 

an excellent 1 means vanadium to a colorimetric finish. 
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_ § ard method is 0 to 3 per cent. of tungsten, but if some loss of accuracy can be tolerated the ieee: 
a range can be extended considerably. By suitable reduction of sample weight, steels contain- F : 
_ ing up to 24 per cent. of tungsten can be accommodated and high-speed steel containing 18 oe . 
id, § per cent. of tungsten can be analysed with an error of about +0-3 per cent. In the recom- 
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the vanadium in. in the electrolyte c can be titrated | under conditions 
eg There are only one or two colorimetric methods in general use. The oldest of these is 
: _ based on the brownish yellow pervanadate colour produced with hydrogen peroxide. The 
fe reaction is somewhat limited in sensitivity and is affected by variation in acidity and by the 
_ background colour of chromium, nickel, iron and other coloured salts. Iron salts can be 
_ decolorised with phosphoric acid, but at the expense of some loss of sensitivity in the vanadium 
reaction. Titanium and molybdenum interfere directly by forming coloured peroxy salts, and 
tungsten interferes by forming phosphovanadotungstic acid. Interference from titanium 
_can be prevented by adding hydrofluoric acid, which selectively bleaches the titanium peroxy 
compound. The method is useful for carbon and simple alloy steels with which interference 
_ is ataminimum and can be controlled. It is not very satisfactory for direct use on high- -alloy 
f s steels, but it can be applied with good results after a mercury-cathode separation or after 
a preliminary separation of the vanadium with cupferron. The complex colour reaction 
__ between vanadium and tungstic acid in phosphoric acid solution offers the basis of a potentially — a 
: _ better method. The structure of the complex is uncertain, but it is probably a co-ordinated — 
compound of the heteropoly type with a partial replacement of the W,O0, groups in | the 
 phosphotungstate with V,O, groups. It was first used in a method for steel by Wright and 
~ Mellon, but has been improved recently by Scholes.!* Scholes also examined the colour 
“reaction with 3:3’-dimethylnaphthidine, previously recommended by Milner and 
= for a micro method for steel, but found it less satisfactory than the phosphovanadotungstic 


or sodium or on precipitation as been used for many years. 
_ More recent methods depend on precipitation with cupferron, m-propylarsonic acid and other 
_ arsonic acids, selenious acid, mandelic acid and halomandelic acids. In these methods the 
element is determined gravimetrically, it being obtained and weighed as the oxide or converted 


i 


- mn _ The phosphate method is fairly specific, as quantitative precipitation can be obtained — 


ue _ from solutions containing up to 10 per cent. by volume of sulphuric acid, from which only — : 


- titanium, niobium, tantalum and tin are co-precipitated. Precipitation of titanium can be 
ae completely prevented by converting to the peroxytitanyl compound with hydrogen peroxide, 
and''this reagent also considerably reduces the contamination from niobium and tantalum. 
Be: Precipitation of small amounts of zirconium is comparatively slow, particularly in the presence 
_ ofiron, but may be accelerated by the addition of titanium to act as carrier. This necessitates — 
= _ _ further separation, but it provides a useful means of collecting traces of zirconium from solu- | 
zs ys tions obtained by dissolving 50 to 100 g of steel. The charge often levied against the phos- 


_ phate method is that the precipitate undergoes partial hydrolysis during washing and may 
5 _. on this account contain rather less than the theoretical amount of phosphorus pentoxide for 
mA. i the pyrophosphate (ZrP,O,). The argument rests on a doubtful premise and is not supported — 
a conclusive evidence. _ What evidence there is —— e9- have been deduced from m exper 


—‘Gipitated and there may also be contamination from vanadium, seaaiieoss and aan 4 

a recommended form of the method!”§ the ignited oxides are fused with potassium bisul- 

_ phate, the residual iron is removed as ferrous sulphide from ammoniacal tartrate solution 

; ut and the zirconium is re-precipitated with cupferron. Precipitation as phosphate may also be § 

applied as an alternative finishing procedure after separating zirconium from most of the : 

ote Precipitation with selenious acid from dilute hydrochloric acid solution is fairly specific, 

_ but most of the iron must be removed. The method can be applied after cupferron precipita- 

_ tion or after solvent extraction of ifon with ether or separation by mercury-cathode electroly- 

with s-propylarsonic acid!” requires pr 
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iron. Tin, are re co-precipitated, but tin can be Temov ed from 


Precipitation with mandelic acid was investigated by Hahn"! anc 
he Hermon.1# * Oesper and Klingenberg**® and "and Papuccil® claimed 
p- -bromo- ona $-chloromandelic acids had that the precipitates could be 
washed with water and weighed unchanged as the halomandelates. According to Hahn 
and Baginski, 185 however, the composition of the halomandelate depends on the acidity at 
the time of precipitation. In applying the mandelic acid reaction to steel analysis most of 
the iron should be removed either with cupferron or by mercury-cathode electrolysis. Pre-— 
_ liminary tests of a mandelic acid method! by the B.I.S.R.A. Methods of Analysis Committee 
have given promising results. Small amounts of titanium do not interfere, but tungsten 
‘must be separated by fusion with sodium carbonate, and further separations - ead 
ifniobium and tantalum are present. 
For small amounts of zirconium, colorimetric methods have been 
_ preliminary separations from interfering elements. Westwood and Mayer'*’ recommend the 
_Teagent -dimethylaminobenzeneazo-phenylarsonic acid, which gives a soluble yellow 
compound on extracting the acid-insoluble precipitate with sodium hydroxide. Titanium: 
interiors and must be corrected for. Hahn and Johnson" have obtained good results a x 
spectrophotometric measurement of the chloroanilate complex i in perchloric acid solution after — 


of interfering elements by mercury-cathode electrolysis. 


Small amounts of zirconium can be determined by solution spectrography aft 
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(Chemical 1 A Roan Antelope Copper Mines Lid., Luanshya, N. Rho 


A method is described for the rapid routine determination of 1 


‘Determin nati per 


i Cobalt i Co 


50] per cent. of iron, from 0-1 to 25 per cent. of copperandfromltol5percent. __ 
of cobalt in some metallurgical products. Iron is extracted with mixture of eects: 
ethyl methyl ketone and chloroform and | separately. “att A duplicate 
_ determination takes approximately 2 hours ” 


flame photometry. Dean.and Lady® have used acetylacetone to extract smaller concentra- _ 
tions of iron, and Dean* has shown that, despite self-absorption effects, up to 300 p.p.m. of 


Burger! have shown that from 50 to 600 p-p.m. of ‘thon be 


_ copper can be determined in the flame. Burriel-Marti and Ramirez-Mufioz have determined 


cobalt by flame aa and state that the useful concentration range is between 1 


In view ey these facts < and of the time taken in the chemical analysis of cobalt mattes, 
5 "whether by Young’s rapid method® or by ion-exchange techniques, it was decided to attempt 
Recently, Mason and de Beer® have described a a spectrographic for determining 
iron, copper and cobalt in concentrates. It is will, Be 
when a spectrograph is not available. 
Pg oil Preliminary investigation was directed pom the selection of wavelengths at which — 
minimum mutual interference would occur. It was expected that iron would interfere more | oo. 
_ or less seriously with the other elements, and this was found to be so, with the exception of _ 
the cobalt line at 387-4 my, when the concentration of iron was below about 150 p.p.m. = 
_ In the absence of iron, no serious interference was noted at 387-4 my when 2500 p.p.m. of | 
copper were added to between 100 and 1000 p.p.m. of cobalt. Similarly, the copper line at E 
324-8 my was free from interference when from 100 to 1500 p.p.m. of cobalt were added. The | 
addition of 500 p-p.m. .. of nickel did not interfere with the determination of either cobalt « or 
Investigation into the selective extraction of iron indicated that convenient and ¢ complete 
removal could be obtained with a (2 + 1) mixture of ethyl methyl ketone and chloroform — 
_when the sample solution was about 8 N in hydrochloric acid; this solvent mixture has the _ 
advantage of high density. No iron was detectable in the aqueous layer after extraction. s 
_ As the burner fitted to the photometer was not suitable for burning a purely organic solvent, : 
| it was necessary to remove the solvent by evaporation and to dissolve the residue in dilute __ aq 


sulphuric acid. The line at 386-0 my was used to determine iron, as only slight self- a 


' a4 As concentrates contained about 3 per cent. of magnesium oxide, interference by mag- 
-nesium was expected in the determination of both iron and cobalt, owing to overlapping 
= spectra in the 386-my region. Extractions were made from pure solutions of ferric © 

chloride to which different amounts of magnesium had been added, and it was observed that _ 
about 50 per cent. of the magnesium content was co-extracted. In order to-overcome the — 
enhancement of iron emission caused by co-extracted magnesium, the (L — — H) method of 
= Background readings (H) were made at the base of the iron line at 386-7 my when the Race’ ae 
sample solutions were being aspirated, and the mean of these was subtracted from 


: the mean of ‘readin 
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q 
95 
+ 
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a nosity due to iron. This value was checked against a calibration graph =—s—isé@Q@ : 


“repens nee values obtained in eh same manner when aspirating appropriate dilutions 0 
stock ferrous sulphate solution. In this way, the presence of up to i EA of magnesium, fe 
oxide in the original sample can be tolerated. 
_ _ Aluminium, calcium, sodium, manganese and potassium are not a appreciably co- ated 
and so do not interfere in the determination of iron. _ 
ry interference by magnesium with the cobalt line at 387-4 my is of the same order 
pS for the iron line at 386-0 my. The (L — H) method was again applied, the same back- 
- Soe wavelength being used as in the iron determination. Satisfactory results were 

— in the presence of up to 10 per - cent. of magnesium oxide in the original sample. = 

ees Aluminium was the only other element likely to be present in the mattes or concentrates. 

- that would interfere in the determination of cobalt. Aluminium is thought to interfere by 

~ absorbing some of the radiation from the excited cobalt and thereby diminishing the total 

cobalt radiation. This effect, however, is not particularly marked at concentrations of alu- 
-minium below about 500 ) p.p.m. in the final solution.’ “The addition of isopropyl : alcohol 
: appeared to decrease | the adverse effect of aluminium and to increase the luminescence of 
cobalt. Application of the (L — H) method of measurement therefore served to give accurate 
only small amounts of potassium occurred in the s and mattes investi- 
= gated, no interference was experienced from this element. The copper line was unaffected 
2 hs by any of the above-mentioned elements. It was also observed that, if the sample contained 
& _ nickel in concentrations above 0-5 per cent. , this element could be determined at 361-9 mp; ; 
fee An oxygen - - acetylene flame was used in all determinations; background readings were > 
eed consequently high. In order to overcome this and to obtain steadier galvanometer readings, 
2 isopropyl alcohol was added to the samples. It was found that the addition of 10 per cent. 
_ of tsopropyl alcohol markedly enhanced the emission of cobalt and copper, afforded better 
_ aspiration and markedly steadied the galv anometer. _ Emission from iron “was — 
PREPARATION ¢ OF CALIBRATION GRAPHS— 
. oi Calibration graphs were plotted from dilutions of the reference solutions described ate 
_ “Reagents,” p. 507, care being taken to maintain the acid and alcohol concentrations at the 
es Graphs for iron and cobalt, for which the (L — H) technique was to be used in a 
_ determinations, were plotted from net relative- -luminosity values obtained by averaging the 
Teadjngs at the relevant emission peaks and subtracting the mean of background (flame plus - * 
ie solvent) readings at 386-7 mp. To ensure reasonable accuracy, the mean of at least five — 

e __ As the peaks for all three elements are sharply defined, it was found to be advisable to 
Bc rotate the wavelength drum back and forth until maximum deflection of the galvanometer 
_ was obtained with the reference solutions. When maximum deflection had been attained, 

_ the solvent was immediately substituted, by means of the quick-change ring beneath the 
' burner capillary, and then the sample was aspirated in turn. This process was repeated until 
sufficient agreement was reached between readings. The values obtained were plotted al 

; metric graph paper, the scale being 1 mm to 1 p.p.m. of the element gil wil - tive obey sae 

zn No self-absorption was noted for the cobalt line at 387-4 my, the graph being linear up 

ar . a concentration of 1500 p.p.m. Background readings at 386-7 my were of the order of 25 

- ‘ee scale divisions, thus giving 75 usable divisions, i.e., 20 p.p.m. of cobalt per scale division. 
= Readings were duplicated to 0-25 scale division (5 p. p-m.). 

Slight self-absorption was observed for the iron line at 386-0 my up to a concentration of 

— 600 p-p.m. Background readings at 386-7 my were of the order of 45 scale divisions, thus 
«giving 11 p.p.m. of iron per usable scale division, 1.e., 3 p.p.m. per 0-25 scale division. = 

ii. ae There was considerable self-absorption for the copper line at 324-8 my at concentrations | 
3 ¥ greater than 250 p.p.m.; readings above this limit were unreliable. The best portion of the 
graph was that between 0 and 150 p-p.m., equivalent to 0 to 15 per cent. of copper. | As 
mattes and concentrates rarely contain more than 15 per cent. of copper, this covered the 
— range. — Background readings at 324-8 mp were of the order of 27 scale divisions, ; 

af thus giving about 3-5 p.p.m. of copper peru usable scale division, #.¢., 0-8 p.p.m. per 0-25 scale 


GALLOWAY: PHOTOMETRIC DETERMINATION OF 1 


of ( 
ine 
 filt 
me 
Sli 
de 
| 
: ai 
10 
: 

Ww = 

34 

“of 
4 
‘=a 

cl 
on 
% fe 
4 
n 
| t 
§ 


; Tet Zeiss PMQIL quartz spectrophotometer with flame attachment was used. An all 
| “metal burner was used at an acetylene pressure of 130 mm (water gauge). Oxygen pressures” 
of 0-30 kg per sq. cm in determining iron and 0-26 kg per sq. cm in determining cobalt and 
copper were used. Pressures were maintained by reduction valves on the fuel (5 lb per sq. 
inch) and oxygen (10 Ib per sq. inch) cylinders and by micromanometers, fitted with sintered 
filters, in the secondary regulation waned supplied with the flame attachment. (These instru- 
—= settings are only a guide, as each instrument has its own characteristics.) 
7 _ Maximum instrumental sensitivity, in conjunction with maximum response damping of 
the galvanometer (10-second response time), was used in determining iron and cobalt, with a oe? 
5-step reduction in sensitivity forcopper, 
€ _ Aslit width of 0-025 mm, giving a band width of 0-40 my, was used in determining cobalt. _ 
Slit widths of 0-035 and 0-040 mm, giving band widths of 0-55 and 0-35 my, were used in | 
determining iron and copper, respectively, thereby ensuring 6 integration of the 
resonance lines and minimising interference effects. 
bé modi. sigw eittomals bay le 
materials should be analytical- reagent 
Sulphuric acid, sp. gr. 1- 84. 
Ammonia solution, sp. gr. 0-880. 
Hydrochloric acid, approximately 8 N—Dilute 70 of sp. gr. 1- 18, to 
te peroxide - sulphuric acid 6 ml of F100 volume hydrogen en peroxide 
to 3 ml of sulphuric acid, sp. gr.1-84,and coo. = 
Ethyl methyl ketone - chloroform mixture (24 1). 


acid in 100 ml of water. 
Cobalt solution—Dissolve 0-6 g of cobalt chloride, CoCl,.6H,O, in a 

90 ml of 1 per cent. v/v hydrochloric acid and 10 ml of isopropyl alcohol. _ Make a 10-ml 7 
- portion of this solution approximately N in ammonium hydroxide, and titrate against 0-05 M ss 
} EDTA solution with murexide as indicator (1 ml of EDTA solution is equivalent to 2-947 mg A ne 

of cobalt). Dilute the remainder of the solution with a (9 + 1) mixture of 1 per cent. v/v de 
dl hydrochloric acid and isopropyl alcohol until it contains 1500 p.p.m.ofcobalt. = 
Copper reference solution—Dissolve 0-0676 g of cupric chloride, CuCl,.2H 20, ina mixture 

of 90 ml of 1 per cent. viv hydrochloric acid and 10 ml of i thea alcohol. This og 
; Tron reference solution—Dissolve 0-5 g of ferrous sulphate, FeSO, TH, 0, in 10 ml of aa 
E Gime acid, sp. gr. 1-18, and add 50 ml of water and 2 ml each of sulphuric acid, sp. gr. 1-84, | 
and acid, sp. gr. 1-75. Titrate against 0-1_N potassium dichromate 
barium diphenylamine sulphonate as indicator, and calculate the weight of ferrous sulphate A 
needed to prepare 100 ml of a solution containing 600 p.p.m. of iron. Dissolve this weight of 
ferrous sulphate in 100 ml of 3 per cent. v/v sulphuric acid, J 
es ~ Wi eigh 1-0 g of sample into a 250-ml otal’ beaker, add 10 ml of hydrochloric acid, sp. er. 

1 18, and warm slightly to remove liberated hydrogen sulphide (from mattes). Add 2 ml of ; 
bromine to oxidise residual sulphur, and then add 5 ml of nitric acid, sp. gr. 1-42. _ Evaporate — aa 
_ to dryness, add 2 ml of hydrochloric acid, sp. gr. 1-18, and again evaporate to dryness. Dis- 

solve the residue in the minimum amount of 8 N hydrochloric acid, and filter the solution © 

through a cotton-wool plug into a 250-ml separating funnel. Rinse the beaker with a mini-— 

if 


ine the solution v with successive portions of ethyl methyl ketone - chloroform mixture 
‘Finally, extract with 


August, 1959] COPPER AND COBALT IN COBALT MATTES AND CONCENTRATES 507 

fa 

| 

ted 

| 
der | 
ck- 
ere 
| 
tes 
by 
tal 
lu- 
hol 5 
of 
ate 
sti- 
ted ; 
1ed 
ye; 
ere 
igs, 
nt. 
ter 
ory 
4 
der 
the 
ple 
the 
lus - 
ive 
to 
ter | 
ed, 
the 
ntil 
on 
| 
up 
25 
on. 
1 of 
hus 
ons 
the | 
the | 
ys, 


10-ml portion of the combined extracts: with 15 of 8 N hydrochloric 
- acid, and run the organic layer into a clean 250-ml beaker. Evaporate the solvent, and 
remove the last few millilitres by means of a current of air. "To the residue add cautiously, 


ao zs. been destroyed, heat until fumes of sulphur trioxide appear (add more hydrogen peroxide, if. 
necessary, until all carbon has been removed). . Cool somewhat, dissolve in water, and boil | 
oe ~ until dissolution is complete. Cool, dilute to 100-0 ml with water, and then dilute a 10- 0-ml 4 
pee _ portion of this solution to 100-0 ml with water. Use this solution for determining i iron. — ; 
wa __ Combine the aqueous layers from the two separating funnels in a clean 250-ml beaker, — 
he and heat to remove residual solvent. Cautiously add 5 ml of nitric “es sp. gr. 1 “42, and 


alcohol, and dilute to 100-0 ml with water. a 10-0-ml portion of this add 9-0 
of isopropyl alcohol, and dilute to 100-0 ml with water. these solutions fc for determining 


~. oe Synthetic samples were prepared from. pure re salts to cover the full range of concentrations 
to be expected in practice. These samples were analysed by the proposed method; results’ 
were completely satisfactory. Interfering elements were then added, with the results 
described under “Interference,” p.505,. 

_ Determinations were then carried out on samples from various sources, and the results. 


No. “Method 


3 
a photometry 0-86, 0-87 ovi 357,356 153,156 


Ion exchange 9- 40, 9- 33 21-16 


chemical methods of by the proposed method. The duplicate 
6. _ analyses were performed by: two separate methods for iron and cobalt ; copper was determined — 
oa i by electrolysis. The duplicate flame-photometric analyses were carried out on separately 
f _The main advantage of the proposed method is its a du plicate determination 


Roan Antelope Copper M Mines Ltd. 1. for ‘permission to publish t this paper. 
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ndi ndicator or Tube for the Determination 
richloroethylene i in Air 
(Imp Iudiistvies Lid., , Industrial Hygiene Research Laboratories, The Frythe, Welwyn, 
indicator tube is described for the of trichloroethylene 
vay vapour in air. The air sample is drawn through two tubes, which are joined | cobras. vod 7 
Per at joga in series immediately before the test. The first tube contains a layer of silica moos. aie ee 
7. hs gel impregnated with potassium permanganate and orthophosphoric acid; poser 
sehr the second tube contains silica gel impregnated with o0-toli i 
and serves to measure chlorine liberated by the first tube. ; , 
4 _ A simple rubber-bulb hand pump is for use with th these tut tubes. ee 
_ The sensitivity, precision, stability and simplicity of the tubes make them — id fon. ‘ates 
uitable for routine industrial hygiene air analysis where m the: 
‘TRICHLOROETHYLENE is widely t used as a dry-cleaning and de-greasing agent, and an analytical ‘ 
method for the routine control of its vapour in the atmosphere is desirable to ensure that , 
machinery and ventilation systems function properly. As establishments where such opera- — 
tions are performed are frequently not equipped for chemical analyses, some simple test is i 
required that does not need a skilled analyst or laboratory facilities. An indicator-tube © 
method, of the type now well established and widely used for the determination of carbon — 
monoxide in air,!»? appeared to offer the best of an acceptable analytical 
procedure for trichloroethylene. 70 
_The oxidation of certain chlorinated with acidified | potassium p permanganate 
to liberate chlorine is — known and suggests a simple and sensitive method for determining — —, 
trichloroethylene in air. An attempt to utilise this reaction by bubbling an air sample rect 
successively through acidified permanganate and o-tolidine solutions has not been entirely p. 
‘successful, owing to the roo ot blank values encountered, which mn arise from the higher — 


have described® for chlorine in air, but such a tube containing a pre- reactor 
layer of silica gel impregnated with acidified permanganate was not satisfactory, as sub- a 
stances diffusing from the permanganate layer caused a progressive orange stain to — 

on the o-tolidine layer during storage. The problem of progressive deterioration of the tubes 
has now been solved by keeping the two impregnated silica gel layers in separate tubes, | 
which are connected before use . Such a tube does not develop a 


‘The silica gel used in this investigation was obtained from Silica Gel Ltd., ae 50 - 
60 mesh. To remove metallic and other impurities, the silica gel was boiled under reflux 
with nitric acid for 1 to 2 hours and then washed in a stream of boiling water until free =o 
nitrate. The granules were dried in air and heated at 150° C for 6 hours and then at 240° C 


ff reagent grade orthophosphoric acid, sp. gr., 1-74 to 1 -75 at 20° C, with 10 ml of a 5 per cent. 
| w/v aqueous solution of potassium permanganate. _ Shake 5 ml of this mixture with 25 - 


| 


cidified 4 ml of a 40 per cent. w/v aqueous solution of 


of silica gel in a stoppered flask until it is uniformly dispersed. pe 
_ 0-Tolidine—Grind 0-25 g of analytical-reagent grade o-tolidine and 5 ml of concn 
hydrochloric acid into a paste, wash into a 250-ml calibrated flask with a further 20 ml of 


58 concentrated hydrochloric acid, and dilute to mark with water. 5 ml of this 
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GA AN INDICA’ R TUBE FOR THE 


to 50 g of purified ‘silica gel in a stoppered flask, and shake “until the 
for 2 2 weeks 
ay is sho 
tye (viny! 
conne 
assem 
a ternal diameter of each tube is measured at both ends “ means of a gauge and those Ses J endo 


* of bore within the range 3-4 to 3-6 mm are selected. These tubes are cleaned by immersion 
in a solution of a detergent for several hours and then washed in a pipette-washer for several 
: hours. _ Finally the tubes are rinsed with distilled water and dried in an oven overnight. a 


Cleaning of glass wick—The most convenient method of retaining the silica gel nang 
__ indicator ta tube was by using short lengths of glass wick. _ This may be obtained from Jones, 2 - 
deter 
natu 
of sil 
orthe 
silica 
The 
their 
rema 
| fora 


ad 


TONEY Fig. Indicator tubes: A, tube before filling; wines 


B, double-sealed tube; C, compound acid perman- 


—_ Stroud & Co. Ltd., and the size suitable for the tubes described here is referred to by the 
makers as MC. 3. The wick is cleaned by immersing it in a mixture of equal volumes of 
- concentrated sulphuric and nitric acids and maintaining it for about 14 hours at a temperature 


_ ‘that causes a gentle evolution of nitric acid fumes. The wick is then washed in running § 
_ tap-water for about 2 hours and rinsed several | times in distilled water. A longer washing § Sulp 
a period is not necessary and may cause the wick to disintegrate. The wick is dried in anoven F 
overnight and stored ina stoppered glass bottle, 
‘Tube filling—The centre of one of the prepared lengths of glass tubing i is drawn into a “ 
capillary, the tube is cut in half and the constricted ends are sealed. The open ends of the § e 
tubes are given a slight flange to assist filling (see Fig. 1 A). About 5 mm of clean dry glass i 
wick is pushed down the tube with a clean dry glass rod and the required amount of granules J “eh 


_is introduced by means of a suitable filling device? The tube is tapped laterally until no F 


further settling takes place, and then a second plug of glass wick is inserted and pushed ; 
down. The open end of the tube is then sealed to give a symmetrical form, as shown in 
_ For the acidified permanganate silica gel a final layer length of 25 mm is s required. For the 


silica gel required layer: is 60 mm, and the tube may be sealed 
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pat acidified permanganate tube by means of a silicone-rubber sleeve; a tube of this type m 
is shown in Fig. 1 C. Silicone-rubber tubing was found to be somewhat superior to poly- _ 
(vinyl chloride) and much superior to rubber for this purpose; the use of these two last-named — 
connections results in a pr ogressive | . staining of the o-tolidine layer on long storage of the — 
assembled tube. Just before use, the junction of the two tubes is bent to snap off the internal - 
end of the acidified permanganate tube, which effects an air connection between the two layers, 
and to facilitate the breaking it is preferable to elongate the internal tapered end of the 
acidified permanganate tube. If separate double-sealed tubes are used, the ends of each are 4 
snapped off and the tubes } joined together just: before use by means of a piece of rubber tubing. _ 


4 ‘Experience with the o-tolidine tube for determining pre ma in air has shown that it is 
| stable for at least 12 months. In the early stages of the development of the compound tube for 
» determining trichloroethylene, an investigation was made into the effect of variation in the © 
» nature and concentration of the acid component of the acidified permanganate layer. Batches 
of silica gel were impregnated in the way described, but different concentrations of sulphuric, — 
B orthophosphoric and perchloric acids were used. Tubes were filled with the impregnated — 
_® silica gels, sealed, attached to o-tolidine tubes and stored in the dark at room temperature. 
The tubes containing permanganate acidified with sulphuric and perchloric acids rapidly lost 
their purple colour and became brown; the colour of those acidified with orthophosphoric acid — 


for a duplicate ‘test in an _atmosphere containing 130 p. p. m. of trichloroethylene, prepared by é 
injecting the liquid at a known rate into a metered stream of air by means of a controlled uy 
feed atomiser.* After its ends had been broken off, the tube was attached to a rubber-bulb 
aspirator pump of the type described below, which gives a 60-ml sample of air, and provided i 
with a capillary choke to restrict the filling time to about 100 seconds. When the test atmos- Ps a 
phere was drawn through the tube, a deep orange stain having a bright yellow boundary ile 
developed on the o-tolidine layer; the extreme length of the stain was measured after three __ 
strokes of the pump. _ The results are shown in Table I, from which it is evident that the only a : 


formulation to give adequate stability is that containing 4¢ 40 per cent. ee eee an acid, 


OF ACID “COMPONENT OF OXIDISING ‘LAYER ON STABILITY | 
Each is the of duplicate tests. The air sampled contained 


of stain produced after oxidising layer had been ‘prepared 


Sulphuric th g He 205 20 


through an indicator tube at a constant rate of 60 ml per minute, by means ofa water aspirator, = 
was a interval before stain The reafter, the of st stain n length 
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ibn ate on length of stain: @, 30ml per minute; 


to: sample volume was as in n Fig. Ata sampling rate of 30 ml 

_ per minute, the curve was closely similar, but did not show the falling off at the highest con- 
5M centration, which was observed at the higher sampling rate. 


Bigs of oat Volume of air sample, mi solos siqnag 


seconds. The test contained 130 p.p.m. of and the stain 
_ obtained with successive strokes of the pump, and with an increasing interval between strokes, 
_are shown in Table II. It can be seen that there is little difference in the stain length pro- 


h ‘oS duced with intervals of 2 and 10 seconds between strokes, and in Pin bs eee a 


time interval of approximately seconds was used. 


result i is the mean of three tests. The 2 air r sampled contained 1 130 p. of 


af 


a 3 ak batch of indicator tubes was prepared and measurements of the stain lengths were 


made at five different trichloroethylene concentrations, and with from 1 to 5 strokes of af pa 


_rubber-bulb pump, three tubes being used for each determination. The sample volume for 
each stroke was 60 ml and the filling time was 60 seconds. The averages of these three measure- 
ments are shown in Fig. 3, the smooth curves in which were prepared and issued as a calibra- 
tien chart for this batch of tubes, with the abscissae corresponding exactly to the stain length 
2 millimetres. When the tubes were used to measure unknown pyrene ae concentra- 
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- _ The tube was then laid horizontally on the calibration chart with the beginning of the stain § 
a pee against the vertical concentration axis and was then moved up or down until the other end 


oft the stain coincided with the curve “corresponding to the number of pump strokes walk. 

The position of the tube on the concentration axis then indicated the concentration directly 

é _ The stain | produced on the tube is orange and has a well | defined bright yellow margin. 
_ The stain is stable for several hours, particularly if the tube is sealed. _ After 24 hours th 
_ colour has somewhat faded and the stain appears shorter, owing to the partial disappearance 
of the yellow margin. The assessment of an atmospheric eamguager should therefore 
re __ The reliability of the calibration chart depends on the use of a pump having character 
- istics similar to those of the pump used for the calibration. A rubber bulb provides the most — 


a convenient means of aspirating” an 2 air sample of known » volume at a fairly constant rate; 


do 


net 


concentration and number of 7 Fig. 4. lb pum 


A, rubber bulb; B, glass tube; 
curve B, 2 strokes; curve C, of 
= stig curve D, 4 strokes; be C, 2-mm Bole; D and F, rubber 


sleeves; E, internal v alve; 
the most t suitable : stroke voltilae j is between 50 and 100 ml. In this investigation, a anaes 
‘— and inexpensive pump was constructed by attaching glass and latex-rubber sleeving valves to 
} a rubber bulb of the type obtainable from Baird and Tatlock (London) Ltd. for use with 
_ = pipettes. This bulb has a nominal capacity of 70 ml and its elasticity is sufficient to draw the 
air sample through the indicator tube at the required rate. A diagram of this pump assembly | 
; . is shown in Fig. “4. An air sample of reproducible volume may be obtained by placing the 
- bulb across the palm of the hand with the fingertips resting on the upper surface and then 
closing the hand sharply. The bulb is then allowed to re-assume its original shape and a few — 
seconds later the next stroke i is made. The ; average volume of air sampled by one stroke 
of the ‘pump is in the region of 60 ml and the standard deviation of a volume measurement Baa 


The standard the mean of twelve repeated | of stain length 
performed by the same individual on an air ‘sample containing ; 130 P-P. m. of trichloroethylene pS 
_-s conditions | detailed i in Fig. sb was as follows— 


els 
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bi When air « containing trichloroethylene 1 was sampled through the indicator tube, there v was 


a atime lag before colour developed. If clean air was drawn through the tube after the sample — 


- taining 130 p. p. m. of trichloroethylene produced a stain 7 mm long, which was afterwards 

_ increased to 18 mm by taking 5 pump strokes of clean air through the tube. The inference 

_ is that the vapour is rapidly adsorbed on the acidified permanganate - silica gel layer and that 
_ chlorine i is then either liberated by a slower reaction or is reversibly adsorbed on the gel to 
“ _ When an atmosphere containing 64 p.p.m. of chlorine was sampled through the 
iz complete t tube with 2 pump strokes, a stain 22 mm long was produced and did not increase 
7 i length | when clean air was subsequently drawn through the tube. - This leads to the 


7 fied permanganate - silica gel laye on rate, reversible adsorpti 


_ chlorine playing no significant part. _ However, when the same chlorine atmosphere was 
a sampled through the o-tolidine - silica gel tube alone, a stain 26 mm long was produced with 
2 pump strokes, which suggests that a small portion of the chlorine i is retained irreversibly 

on the acidified permanganate-silicagellayer, 
‘The quantitative conversion of trichioroethylene to chlorine can be ascertained by 
=o determining the concentration of trichloroethylene that gives, under the same conditions, the 
_ $tain length of 22 mm observed with 64 p.p.m. of chlorine. Some experiments were made 
with atmospheres containing different concentrations of trichloroethylene, taking a 2 pump- 


stroke sample and se clean air until the e stain h had reached its maximal wer the results 


4 
By interpolation, the 22-mm was by 68 p. p.m. of 


4 ae _ which it can be deduced that one molecule of trichloroethylene lib liberates one molecule, or two 


__ The o0-tolidine tube was originally developed for measuring chlorine concentrations in air 
al and resembles tubes previously described for this purpose.* Chlorine, and substances that 
¥. can oxidise the o-tolidine layer in a similar manner and pass intact through the acidified 
permanganate layer, will give a positive reaction. Yellow stains will also be obtained from 
aS = _ substances that, like trichloroethylene, give rise to oxidising substances after permanganate 
a Boz _ oxidation; the only other halogenated hydrocarbon that has been found to behave in this way 
a is perchloroethylene (tetrachloroethylene). Probably the most likely interfering substance 
this nature to be in a factory or laboratory is hydrochloric acid 


a ie tests made have shown that the trichloroethylene indicator tubes have a precision 
7 oe il adequate for industrial hygiene air analysis and that their life is in the region of 9 months, 
a which should be sufficient to permit such tubes to be manufactured and distributed com- 
- 5 img mercially. The tube containing acidified permanganate should retain its purple colour over j 

; eS this period, and any tube that turns brown should be regarded with suspicion. The initial 

“s increase in sensitivity with storage indicated in Table I needs confirmation, but it is desirable 
_ that each batch should be kept for a few weeks before it is calibrated. No extensive informa- 

- tion is yet available on batch variation, but it is desirable that every ‘batch made should be 


_ calibrated, a random sample being taken for each test concentration. The conditions of air a 


_ sampling during calibration should be identical with 1g recommended 3 in the instructions 
Fig. 3 indicates a form of calibration ‘heat that a he issued with each batch of 
ag _ indicator tubes and permits coverage of a wider range of concentrations. It should be noted 
oe = that, if the o-tolidine tube has been packed unevenly, the margin of the stain may be irregular, 


and ‘when the tube is applied to the chart to assess the concentration it must be rotated 
in order to estimate the average length of the stain. As the maximal allowable concen-— 


tration “ot recommended by most 200 P-p.m., the range 
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y e graph shows that the calibration could be ; 
restricted to the curve for 3 pump strokes. — If concentrations below 50 p.p.m. are of interest, 
the calibration graph should be made with more than 5 pump strokes. The assessment of ol 
concentration would be facilitated if a scale corresponding to the stain lengths obtained with PS 
a stated number of pump strokes was attached to or inscribed on each tubee 
Ifa test gives a negative result, the tube may be used again, provided that the acidified — 
permanganate layer retains its purple colour. If a yellow stain is obtained in a test, the 
o-tolidine tube, if it is of the double-ended type, may be reversed and used again with the same __ 
acidified permanganate tube, provided that the latter does not show much brown discolora- 


tion and has been purged with clean air to remove any retained chlorine. | saa ae 
___ The validity of the calibration of the tubes depends on the existence ofa pump having 
uniform characteristics. The rubber-bulb pump described is suitable for this purpose, pro- 
vided that the bulbs are selected to conform to a specification ; measurements of volume — 
filling time made on a manufacturer’s delivery of 24 rubber bulbs suggested that limits of 57 
to 59 ml for the volume and 21 to 26 seconds for the filling time would not be unreasonabl 
By this specification, 15 of the 24 bulbs conformed to the volume requirement, 17 conformed 
to the time requirement and 10 conformed to both. The inner valve does not appear to be 
necessary for use with a trichloroethylene indicator tube, but it has a useful functioninreduc- 
ing the dead space of the pump and thereby reducing the influence of the tension of the external 
valve on the volume of the air sample. Although this pump has been designed primarily for 2 
use with the trichloroethylene and other indicator tubes, it may find a useful application in — 
other methods, _ For example, it could be used in the method recommended by the Ministry of %, of 
Labour Factory Department for determining benzene vapour in air, in which air is drawn at al 
through a sulphuric acid - formaldehyde reagent until the colour developed resembles that Sc 

_ The test for trichloroethylene with these tubes i is ee to interference from a few sub - Re 
stances, the most important of which are perchloroethylene and hydrochloric acid vapour. — 
With the exception of perchloroethylene, all the interfering substances have a maximal ‘ 
allowable concentration much less than that of trichloroethylene, so that, if present in con-— 
centrations likely to interfere, they give rise to a serious toxic hazard; moreover, they are 
not likely to be found in dry-cleaning and de-greasing establishments, which are the most — 
useful outlets for these indicator tubes. Wie aibrated fort as a 


Department of Scientific and Industrial Research, “Methods for the Detection of Toxic Gases in 
Industry, Leaflet No. 7: Carbon Monoxide,” Third Edition, H.M. Stationery asad London, 1955. 
Ministry of Supply, Specification D.T.D.922A, 1948. 
. Gage, J.C., J. Sci. Instrum., 1953, 30, 25. 3 
inistry of Labour and National Service, H. M. ‘Methods for the 
tion of Toxic Substances i in = Booklet N 0. 4: Benzene “ .M. Stationery Office, London, a 
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THE PHOTOMETRIC DETERMINATION OF FERRIC I IRON | BY CATECHOL 
FaIntLy acid solutions containing less than 200 p.p.m. of ferric iron produce a violet colour with 
Bernouilli’s method! was found to be ‘unsuitable for | determining th in ‘soil: extracts, 7 
as the correct acidity was difficult to reproduce and aluminium interfered. Ferric iron can be § 
_ determined consistently and the method described below. et | 
Buffer pH 5-3—Mix 975 ml of M/15 potassium and ml 
of of M /15 disodium hydrogen orthophosphate. oF 
Sodium hydroxide solution, 8 per cent. . w/v. Pa 


s adding 8 per rae: w/v sodium aad “elation until the colour changes to yellow, and then 
&§ add 2 drops more. Add 20 ml of 2 per cent. w/v catechol solution, and set aside for 15 minutes. 
= __ (The catechol solution produces a cherry-red colour under these conditions ; if the colour is tinged 

&§ a  & blue, add a further 1 drop of sodium hydroxide : solution. pS Add 10 ml of buffer solution, , dilute 
to the mark immediately, and set aside | for 1 hour. Measure the optical density of — at 

a _ It was found that Beer’s law was obeyed for concentrations of iron between 0 and 15 p.p.m. 

He ‘The accuracy of the method was tested by measuring the optical densities of a series of solu- 
. tions containing different concentrations of iron in the presence of 5 p.p.m. of aluminium and 

= -4 p.p.m. each of copper, nickel, cobalt, manganese and tungsten. Vanadium was found to § 

— interfere strongly, even in low concentrations, and iron could not be determined in its presence. | 

‘The recovery of iron from a diluted digest of soil was measured. A 2-ml portion of the soil 

: — solution, containing approximately 100 wg of iron per ml, was placed, by pipette in a 100-ml 
te calibrated flask, and water was added. rs Standard iron ‘Solution ma then added and colour was. 

iron standard i iron solution plus solution of 7 
present, solution other ions soil digest 

a 00614 00636 00620 


¢ optical density p per of iron. of 


1 Bernouill, A. A. Helv. Chim. Acta, 1926, 9, 827. the: 
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for the determination of acetylacetone include saponification, potentiometric 


titration with standard alkali? and a spectroplotometric method in which ferric iron is used.? 


INATION OF ACETYL LACETONE WITH CUPRIC 


of esters or organic acids, and the method ne ferric iron cannot be applied to highly « coloured ae 

Acetylacetone, like other £-diketones, reacts with cupric acetate solution under specific 


conditions followin to a blue chelate derivative, which i ch is soluble in water; deriv- 


No 


2: 
‘This reaction is the 


cupric acetate reagent solution and the excess of copper is determined iodimetrically.* ' This ; 
method cannot be used in the presence of unsaturated materials and other compounds liable to . 
react with iodine, but the copper acetylacetonate can be extracted by chloroform to give a blue 


optical measurements were made in l-cm glass with a Hilger Uvispek spectrophoto- 
meter. Fig. 1 shows the absorption spectrum of a 0-5 per cent. w/v solution of copper acetylaceton- key: 4 
ate in chloroform. It exhibits an absorption band having a maximum at 650 my, which is sufi- sa 
“ciently broad not to. make the wavelength h setting highly critical. wy It has been found that, at — s 


que 


00 
ok fi Fig. 1 Absorption spectrum of 0°5 per cent. w/v solution of at’ 


celle against chloroform. 


q si 650 mp, solutions of the complex obey Beer’s law over a concentration range aaevebian to 0 im 

= 600 mg of acetylacetone per 100 ml of chloroform and have optical densities of up to about 1-0 
_inal-cmcell. The proposed method was calibrated by using a sample of analytical-reagent grade athe 
F acetylacetone (obtained from the British Drug Houses Ltd.), which, after it had been redistilled — a ala 
_ twice, gave an analysis of 100-1 per cent. by saponification and showed no impurity when examined E = 

3 by vapour-phase chromatography. The coloured chloroform solution is stable; 

made after it had 24 hours w were identical with those made imme 
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Bie hydroxide before the determination. 


The optimum ‘for the. oun titative formation of co acetylacetonate is 5- to 6- 02 
a This is maintained by carrying out the reaction in sodium acetate buffer solution. — _ With this 
_— ‘Daffer, acetylacetone | has been quantitatively determined in 1-g samples containing up to 20 per 


gent, of acetic acid. It is recommended that more 

OF ORGANIC IMPURITIES— 
The method has been tested i a the presence of mixtures of encountered 
4 in impure samples of acetylacetone. Results were satisfactory in the presence of up to 50 per cent. 
a w/w of isopropeny] acetate, up to 20 per cent. w/w of acetic acid and acetic anhydride, up to 50 
_ per cent. w Jw o of acetone, up to 10 per cent. w/w of benzene and toluene, up to 10 per cent. w/w of 
diacetyl and up to 50 per cent. w/w of acetonylacetone. The solubility of copper acetylacetonate 


ne ae in carbon tetrachloride at 20° C is about 0-025 per cent., so that tars and discoloured organic matter 
_ can be conveniently removed from mixtures after complex formation and before chloroform extrac- 


tion by extraction with carbon tetrachloride that has been saturated with the complex. es = 


g of anal tical-re grade acetate 


Sodium acetate buffer 200 trihydrate i in 1 litre 


_ Measure 25 ml. each of cupric acetate solution and ebdinien: acetate buffer so solution into a 250-ml 
__ stoppered glass flask, and weigh into it 0-5 to 1-2 ml of sample (expected to contain 300 to 500 mg of 
eee. _ Insert the stopper, and shake the flask frequently over a period of 5 minutes. 

By means of a filter funnel, transfer the mixture quantitatively to a 250-ml separating funnel, 
and extract with two 20-ml portions of carbon tetrachloride that has been saturated with the copper 
complex. (The second extract should be colourless; if it is not, repeat the extraction until a colour- 
: Tess extract is obtained.) Reject the extracts, taking care not to lose any of the precipitated com- 
plex, and extract with four 20-ml portions of chloroform. Combine the chloroform extracts in a 
__--—-: 100-ml calibrated flask, dilute to the mark with chloroform, and measure the e optical density of the 
solution against chloroform in 1-cm glass cells at 650 mp. bie portion at 


values for a calibration curve. ates 
PRECISION AND ACCURACY OF THE METHOD 
F: he md Determinations by the proposed method are repeatable w: with a precision of 41 per cent., and 
accuracy to within +1-5 per cent. is obtainable even in discoloured mixtures. 


iq ate ute Use analytical-reagent grade acetylacetone th: that has been redistilled and checked for _—_ to 


ath 


Theoretical 
ontent, constituent of mixture 


Acetone and acetic (60% 6), acetic anhydride and tarry 
\cetiic acid, acetic anhydride, acetone, isopropenyl acetat : 

I thank the Directors of Courtaulds Limited for pone to ee this Note. 
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Sp ger, 
Bonner, T. G., and Thorne, M., ‘Analyst, 1954, 
Seaman, W., Woods, J. T., and Massad, E. A., Anal. Chem., sey, 19,250. 


CALIBRATION OF HAND PUMPS FOR AIR ‘SAMPLING 

WHEN a hand pump is used to take an air sample for the purpose of industrial hygiene or other air 
analysis, it is necessary to know the ve volume of the air sample at atmospheric pressure. This. 
volume will depend mainly on the swept volume of a a piston pump, or on the deformation of a — 
rubber-bulb pump at compression, but also on other factors, such as the efficiency of closure of the — 
valves. The dead space in the pump may also influence the volume of the air sample if the elastic: 
nature of the air-exit valve during compression permits the development of a significant pressure oe 


in the dead space; if the swept volume of the pump is V and the dead space v, and p is the excess. i 


r 


ig. 1. Apparatus 
pressure in the dead space above ctnaigtinnc ; pressure P, then the percentage « error in. assuming 
§ that the volume of the air sample is equal to V is 100vp/VP. In addition; if the pump is connected 
to a bubbler containing a head of liquid equal to h, expressed in the same units as # and P, or if the 
§ air-inlet valve requires a pressure difference h before opening, then the percentage error due to this. Me 4 
is 100 h/P; the total possible error is therefore 100(vp + hV)/VP. With ageing of the pump, the 
magnitude of this error may alter, owing to a change in the elasticity of the valve. = its 
_ The apparatus shown in Fig. 1, which may be constructed from ordinary laboratory glassware,. 
has been used in this laboratory for several years to check the efficiency of hand pumps, as it gives. aba - 
a direct reading of the volume of the air sample at atmospheric pressure taken under actual condi- : 
tions of use. For measuring air volumes of about 120 ml, the glass tube, A, should be about 40 cm 
long and 3cm in diameter. Its lower end is fitted with a rubber stopper through which passes a. 
glass tube, B, rising to a height « of about 25 cm within A, and a drain cock, C. The lower end of 
tube B is connected by means of rubber tubing to ‘the outlet of a water aspirator, E, the neck of | 
which is closed by a stopper fitted with a water-levelling tube, F. The pump to be tested is con- 


nected i means - rubber tubing toa glass tube, D, which pistes a a rubber stopper in 
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In of the is and a allowed to yo into B with 


pa : ‘i open to the atmosphere. The relative heights of the aspirator and of tube B are then adjusted 
$0 that the water level is just at the top of B, but does not overflow. Stopcock C is opened to 
A, and then closed. The pump to be tested is attached at D and operated at the 

; pee sampling rate. Water from the aspirator enters A to replace the air withdrawn by the 


s nd the pressure in A does not de art a eciabl from atmospheric pressure unless th 


isin ‘hon tia of water in A geese measure of the volume of air r sampled by meen pump y at atmo- 
: -_ - spheric pressure; this volume may be determined by draining off the water into a graduated © 
Ad ; cylinder. Alternatively, tube A may be calibrated to give a direct aug ofthe volume. ~~ 


= THE FRYTHE, WELWYN, HERTS. Received January 28th, 1959 


THE HE DETERMINATION OF MAGNESIUM OXIDE AND SILIC 


_ ‘method described in 1 the British Pharmiacopoeia, 1958, for determining magn 
“ “ce ‘tilica i in magnesium trisilicate is somewhat time-consuming. The method described here is more 
and results i in agreement with the omy procedure. 


REAGENTS — 


13-5 g of ammonium chloride in 130 ml of strong ammonia 


solution, B.P., and dilute to 200 ml with distilled water. 
__ EDTA solution, 0-05 M—Dissolve 18-6 g of the coat: salt of ethylenediaminetetra- -acetc 


ween reagent grade “calcium carbonate (use Solochrome black indicator solution). ial | 


Solochrome black indicator 0- per cent. solution of Solochrome black i in 95 per cent. 


Hydrofluoric acid, 40 per cent. w/v. wot 


ee To about Ob “5 g 6 sample i in a 150-ml beaker s add 5 ml of seiiga and 10 ml of 60 per cent. per- 
a chloric acid, and heat on a hot-plate until dense white fumes are evolved. Cover the beaker with 
a watch-glass, and heat for a further 3 hours. Allow to cool, and dilute with about 30 ml of water. 

_ Filter the solution, and collect the filtrate in a 250- ml calibrated flask. Wash the beaker and filter- 
nae paper with hot water, and collect the washings in the flask. (It is important to wash the filter- 
‘paper free of perchloric acid, and 200 ml of hot water for 

___ Determination of silica—Treat the residue on the filter-paper by the p procedure. described in the 


British Pharmacopoeia, 1958, beginning at “Dry and ignite the filter-paper. . . .” 


8 etermination of magnesium oxide—To a 100-ml aliquot of the filtrate in a conical flask at 


0 ml of ammonia buffer solution and a few drops of Solochrome black indicator solution, and 


at toa ne blue colour with 0-05 M EDTA solution. 


(Vol. 84 Aug 
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TO THE ANALYSIS OF CALCINED MAGNESITE 


2 solution—Dissolve 0-2 g of Solochrome dark e (obtained from the 
Drug Houses Ltd. ) in 50 ml methylated spirit. pion 4 


a about 2 g of sample in a 150-ml beaker add 20 ml of 60 per cent. perchloric acid and 10 ml. 
of water. Treat as for magnesium trisilicate, but only heat for a further 45 minutes after the evolu-_ ‘ 
tion of white fumes. _ Dilute the filtrate to 1000 ml in a calibrated flask. Determine the total aa 
magnesium and calcium in a 25-ml aliquot as described above. (Let this titration be amlof | 
i To determine | the calcium, , neutralise a a -100- ml aliquot of the fil filtrate to litmus paper with N 
sodium hydroxide. - Add 15-ml of diethylamine, 50 ml of water and 6 drops of calcon indicator = 
solution. Titrate to a blue colour with 0-05 M EDTA solution. (Let this titration be 6 ml of © . 


— 


Calculate the ‘amounts ats of calcium and ‘magnesium o oxides in the si sample by using the earn dl Se 
of sample, g x 100 x 20, 000 

= — b/4) x 1000 x 40-32 x 100 

= Weight of sample, g x 25 x 20, 000 
Determine silica és ¢ described in the British Pharmacopoeia, 1958. 


Some samples of magnesium trisilicate, B.P., were analysed by the proposed procedure: anc by 


q 


icetic 
ainst 


2, 


3 66-1, 65-7 65-9, 66-3 2-5, 29:3 
_ Three samples « of of calcined m: magnesite were ns analysed | by the proposed | procedure, with 1 the he 


Magnesium oxide found, . 89-0, 89-1 88-1, 881 apes 
DEPARTMENT 
Boots Pure Druc Co. Lrp H. STEPHENSON 
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A METHOD FOR DETERMINING POTASSIUM GUAIACOLSULPHONATE IN Ps 

No method has so far been described for the debetehlen sic of potassium guaiacolsulphonate i in 

; pharmaceutical preparations. The British Pharmaceutical Codex, (1949, monograph on the drug 


to sulphate, which, however, is not applicable to proprietary cc combinations. 


Numerous are available for oxidising organic sulphur to suiphate. Miko* used 


__ hydrochloric acid and hydrogen peroxide to oxidise sulphonamides, and _Koszegi and Barcsay* 
_ have used a mixture of potassium dichromate + and orthophosphoric acid. 1. Milton, Hoskins and 

: Mies ; J ackman* have ve described « a method in which the material is is oxidised v with a mixture of nitric acid | 

aan and amn ammonium nitrate. These three oxidation procedures were studied, with slight variations, 
and it was found that Milton, Hoskins and Jackman’s method ae be used for the quantitative 


conversion of potassium in syrups to sulphate. 
Proprietary cough Syrups containing potassium and other antitussive 


drugs were studied, the sulphur being oxidised to sulphate and determined gravimetrically. In 
addition, known amounts of potassium guaiacolsulphonate were added to aliquots of the samples 
and the recovery of the added salt was determined in each instance. — _ The purity of the potassium 
guaiacolsulphonate was determined the method described in the U. S. National Formulary. 


ie __ Miko’s method? was tedious and gave results that v were 2p } per cent. low. A variation of Koszegi 

eo a and Barcsay’s method,’ in which potassium permanganate and orthophosphoric acid were used, 

oe ma gave fairly accurate results, but the precipitate of barium sulphate appeared to carry down impuri- 

Bers 2, ties. Milton, Hoskins and Jackman’s method* does not introduce any interfering ions and was 


Transfer an of the sample 5 50 mg potassium guaiacolsulphonate to 
a 300-ml Kjeldahl flask, and add 10 ml of concentrated nitric acid. Cautiously warm the flask J 

_ over a small flame until effervescence ceases. Add 10 ml of the oxidising reagent solution (a 

: _ 50 per cent. w/v solution of ammonium nitrate in 25 per cent. nitric acid), and heat gently until the 
volume is considerably reduced, taking care to avoid charring. Add more of the oxidising reagent ff 

_at intervals, and continue to boil. (The colour of the mixture changes from brown to yellow and 

_ finally disappears.) When the oxidation is complete, as indicated by a clear colourless melt, heat § ,,,, 

‘more strongly to volatilise the excess of ammonium nitrate (hold the flask over a naked flame to 

expel the salt that sublimes on its sides). _ Add 2 ml of concentrated hydrochloric acid, evaporate to j 


a and evaporate the solution to half this volume. ta ransfer the solution to a 150-ml beaker by using 
a es 50 ml of water, boil, and add 5 ml of a 5 per ¢ cent. w/v solution of barium chloride dropwise to pre- 
a fa i cipitate sulphate. Collect the precipitate on a weighed No. 4 sintered-glass crucible, and wash it four 
= times with water, six times with 5-ml portions of rectified spirit and then six times with 5-ml portions 
ae of diethyl ether. _ Dry by suction, place in a vacuum desiccator for 30 minutes, and weigh (1 mg 
of barium sulphate is equivalent to 1-038 mg of potassium guaiacolsulphonate). 


ape When applied to thes salt alone, the a eae method gave results identical with those obta 


2. Koszegi, D., and Barcsay, I., Hung. J. Chem., 1951, 52, 342. 

-L., Jackman, Ww. F., Analyst, 1944, 69,2 
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of Agriculture, Fi 1 
1098. 1M The Co Condensed | Milk Regulations, 1959. Price 4d. 


Regulations; which come ‘into operation on J une 26th 1059, ve 


4 
iE ANALYSIS OF Foon AND Foop 


This edition differs the edition, which a ap red in 1951 in the terminal addi- 
tion of three new chapters; the first twenty-one chapters retain precisely the pagination and the 
misprints of the previous edition. The three new chapters deal with radiochemical determinations, 

| The preface to the first edition stated that the book was designed for use as an educational _ 

text and as a manual for manufacturers for control work. Both the student and the analyst in a 

food-control laboratory would find much useful information in the book, but they, and chemists 

in what the author calls “regulatory laboratories,’ * would look in vain for wre and instructions = ; 


on the tests ph wa select for his scheme of analysis and i in particular on the interpretation t to 4 
“placed on the results he obtains. The book i is ; not very helpful i in these directions and indeed ‘may = 
be misleading. This defect is perhaps scarcely avoidable when a practical manual with such a wide Pa 
coverage is the work of a singleauthor, ic of toe Society. . 


_ This book will bé mainly useful as a source of details of a method or rerseeee that could be (om ae 
employed for the detection or determination of a specific substance. J. Amos 

flask ApvaNcED ANALYTICAL CHEMISTRY. _By-Louts MEITEs and Henry C. with a chapter 
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"Polytechnic Institute and the University of North Carolina, is a departure in several respects from ea Er 
normal run-of- the- mill text- books on analytical chemistry produced so prolifically in the U. S. ed ie 


are potentiometry (0 ion - redu ase), conductometry, 4 
electrolytic methods (including pasa (ultra-violet, visible and infra-red), 
radiochemical methods, ion exchange and chromatography. The first chapter discourses briefly — 
on the nature of analytical chemistry and is followed by one on ionic equilibria in solution, which - 
places fairly and squarely before the student the difficulties facing the analytical chemistin applying _ 
the fundamental laws of chemistry to his somewhat complex problems. The case for and against sf = 
(1 mg the adoption of the active mass, molar concentration or formal concentration method is well | 
argued. The final chapter deals with ninety laboratory experiments based on 
ssium | The ‘subject matter is cohesive, i.e., , chapters are not sealed off as isolated monographs; the | 

| inter-relationships ar are well traced ; and the merits and de-merits of one analytical method relative : ak 
to another are quite » prominently featured. _ This treatment is most valuable for student instructi 
The way in which the authors have consistently placed emphasis on the fundamental physico 4 
chemical basis of analytical chemistry is to my mind refreshing and somewhat unusual in a rook 
of this type, which too often deal with instrumental methodology. The characteristic series of eZ 
numerical exercises common to most American texts appears at the end ofeach chapter. However, ; 
one sometimes has the feeling that these belong more appropriately to a course on physical chem- 
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_ English Edition: Professor P. L. Rosinson, D. Sc., F.R.1.C. Volume 4, Number 1, January, 
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sane The publication is supported by the Department of Scientific and Industrial Research, 
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RITISH PHARMACOPOEIA 1958: AMENDMENTS, June, 1959. Pp. 7. 
London: The Pharmaceutical Press for The General Medical Council. 1959. Gratis. — 
- (earltece Copies of this leaflet may be obtained on application, enclosing a stamped addressed envelope, 
ae ve ri Jsvlawe from The Secretary, British Pharmacopoeia Commission, General Medical Council Office, 

-ELECTROPH : THEorY, METHODS AND APPLICATIONS. Edited by MILAN BIER. Pp. xx + 563. 


New York and Lond Academic E Press Inic. 1959. 9 P Price $15.00; 107s. 6d. 


ANDBUCH DER PAPIERCHROMATOGRAPHIE. Baitea by I. M. Hats and Macex. Band I. 
oa Grundlagen und Technik. — Pp. xxvi + 860. Jena, Germany: Veb Gustav Fischer Verlag. 
COMPREHENSIVE ANALYTICAL CHEMISTRY. _ Volume IA. CLassicat ANALYSIS. iid Edited by 
‘Wuson, Ph. D., D.Se:; F.R.L. Cw FA C.I, and Davip W. | Witson, M. -R. I.C. 
- Pp. xx + 577. Amsterdam, London, New York and Princeton: Elsevier Publishing Co.; 
D. Van Nostrand Co. Ltd. "1959. Price 105s. 
* Lassunaae MANUAL OF CHEMICAL PATHOLOGY. — By Professor F. T. G. Prunty, Dr. R. R. 
Rt ys _ McSwiney and Dr. Joyce B. Hawkins. Pp. x + 260. London, New York, Paris and 


be Farry AND THEIR APPLICATIONS. Edited by E. Scott PaTTIson. Pp. vi 
_ SILICONES. By R.N. Meats and F. M. Lewis. Pp. xii + 267. New York: Reinhold 
Corporation; London: Chapman & Hall Ltd. 1959. Price $6.00; 


ENCYCLOPEDIA OF Reactions: . Compiled by C. A. Jacosson. Edited by CLIFFORD 
HAMPEL. Vil: ungsten, Uranium, Vanadium, Ytterbium, Yttrium, pio 


et 


1. Pic IRON AND CastT IRON. 


‘97. Birmingham : The British Cast Iron Association. Price 17s. 6d.; $2.50. 


34. In the Programme © ‘Work of Prophylnction: Panel, delete 
ater 2 


> 
q 
q 
| London: Chapman & Hall Lt 
| 
M.A., D.Sc., F.R.S., and T. H. Lasy, M.A., Sc.D., F.R.S. Now prepared under the 
ae | ae Direction of an Editorial Committee. Twelfth Edition. Pp. viii + 23]. London. New’ ame 
Pub 
W. 
| 


